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ABSTRACT 
Detailed surveys were carried out in Black Mountain Reserve 
and the Canberra Botanic Gardens to determine the distr·ibu tion of 
Phytophthora spp . , their association with disease and the environmental 
factors affecting disease . 
Phytophthora cinnamomi was wides pread in both Black Mountain 
Reserve and the Canberra Botanic Gardens and was associated with disease 
of 165 species of native plants . It was found in all diseased areas 
but not in apparently healthy areas . 
P . drechsleri was found within the Botanic Gardens and in road-
side plantings adjacent to the Reserve . It was associated with disease 
of 17 species of cultivated native plants . 
It is suggested that populations of these fungi were 
established independently, that of P . drechsleri being sup erimpos ed on 
a pre- existing population of P . cinnamomi . 
Only the A2 mating type of Phytophthora cinnamomi was fo und. 
The apparent absence of the A1 mating type and restric ted variation in 
growth rate of P . cinnamomi, despite prior opportunities for introduction 
of various mating a nd growth rate types, suggest a probable selective 
influence of environment on the fungus . 
P . cinnamomi occurred frequently on northern aspects, lower 
eastern and western slopes and in gullies,but was isolated less 
frequently from ridges and northern aspects . It was recovered most 
frequently from wa ter-gaining sites which had developed as a result 
of a rtificially imp eded drainag e , re-direction of natural drainage lin~s , 
installation of road culverts and drains, or from overflow of water 
storages. 
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There was no obvious correlation between recovery of P. cinnamomi 
and levels of soil pH, organic carbon, nitrogen, phosphorus, iron, 
calcium or manganese. However levels of potassium, magnesium and zinc 
were significantly higher in diseased than in apparently healthy areas. 
Production of sporangia by~- cinnamomi was significantly 
greater in extracts prepared from soil collected in diseased sites than 
in those from apparently healthy areas. The mechanisms by which 
environmental factors may influence the distribution of P. cinnamomi 
and disease are discussed. It is suggested that differential capacity of 
Black Mountain soils to stimulate sporangial production influences 
the distribution of the fungus, and that this capacity is significantly 
affected by soil moisture regimes. 
Studies were made on the in vitro effects of osmotic potential 
on growth and on production and germination of zoospores and chlamydospores 
of P. cinnamomi. Maximum radial growth occurred in the range - 5 to 
-1 5 bars. Fifty percent of maximum growth occurred at -25 to -30 bars 
and growth ceased in the range -45 to - 55 bars. Dry matter production 
was more sensitive to decreasing potential. Maximal production occurred 
at -5 to -10 bars, but decreased to 50~ of maximum at c. -20 bars. 
Chlamydospore production ceased at osmotic potentials of c. -35 bars. 
Germination of zoospores and chlamydospoFes declined with decreasing 
potential and was nouligible at c. - 35 bars. However, zoospore 
uurmination varied wilh the type of solute us ed to control osmotic 
potential . 
The field significance of fungal response to osmotic potential 
is discussed . 
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PART A 
STUDIES ON THE OCCURRENCE OF P. CINNAMOMI 
ON BLACK MOUNTAIN 
1 
CHAPTER 1 
INTRODUCTION 
The root-rotting fungus Phytophthora cinnamomi Rands has 
a world-wide distribution and has been suggested as a causal agent 
for disease in numerous plant species in horticultural, agricultural 
and forest situations ( c .f. Crandall and Gravatt, 1967 a, b; Zentmyer 
and Thorn, 1967; Macfarlane, 1968; C.M.I. Map 302, ed. 3, 1968). 
Veitch a nd Simmonds (1929) first reported the occurrence of P. cinna morn i 
in Australia, associated with pineapple top and crown rot in Queens-
land. Simmonds (1966) later suggested that the fungus may have been 
present in Australia as early as 1887. The fungus has frequently 
been associated with disease in horticultural and silvicultura l 
nurseries and plantings in widely distributed regions of Australia 
(Pratt and Heather, 1973 a). 
P. cinnamomi was first recognised as a possible pathogen 
of native plant communities when Fraser (1956) associated it with shrub 
mortalities in forest near Maitland, New South Wales (N.S.W.). Later , 
it was associated with a decline and dieback disease of ,iarra h (Eucal yptus 
marginata Donn. ex. Sm .) forests in Western Australia (Podger et al ., 
1965 ) which had been previously noted c.a . 1920 (Wallace and Hatch , 
1953, cited in the review by Newhook and Pod~er, 1972). More recentl y 
the fungus has been isolated from soil and root samples coll ec t ed in 
native plant communities in the south and south-west of the c on t inent , 
and in the Australian Capital Territory (A.C.T.) (Podger a nd Asht on, 
1970 ; Marks et a l ., 1972; Pra tt a nd Heather , 1973 a), but as yet 
2 
has not been found in the Northern Territory or in any part of the 
continent more than 900 km from the sea (Pratt, personal communication). 
The fungus is thought to cause rotting of the fibrous root 
system, leading to decline and ultimately death of host plants. In 
Australian native plant communities, mortalities have been observed 
in a wide range of species, particularly in the families Proteaceae, 
Leguminosae, Epacridaceae and Myrtaceae (Newhook and Podger, 1972; 
Pratt and Heather, 1973 a). However patterns of disease expression 
vary in different regions and the presence of the fungus is not always 
associated with manifest disease (Pratt and Heather, 1973 a,). 
In dry sclerophyll jarrah forest in Western Australia, 
widespread mortalities occur first in the lower strata of vegetation 
and then in the canopy species. P. cinnamomi was isolated from diseased 
areas but not from adjacent apparently healthy areas, and diseased 
areas had well-defined margins (Podger, 1972). While similar patterns 
have been reported in eucalypt forests in some areas in Victoria 
(Weste and Taylor, 1971; Marks et al., 1972), disease symptom expression 
in Tasmania, N.S.W. and Queensland is more variable and less well-defined . 
In an area of coastal forest in south-eastern N.S.W. for example, 
variation in patterns of disease development appeared to be associa t ed 
with the extent and frequency of environmental disturbance due to 
logging, road construction etc. P. cinnamomi was isolated most 
frequently from disturbed areas with manifest -disease but less frequently 
from areas of apparently healthy vegetation. The lowest frequen cy 
of isolation was obtained in an apparently undisturbed area of f ore s t 
where there was no manifest disease (Pratt et al., 1973). As disease 
f . 
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is the result of interaction between host, parasite a nd env i ronment , 
the different patterns of disease expression and fung us occurrence 
in different regions of Australia are probably influenced by r egional 
climatic , edaphic and host differences . 
The importance of the environment in disease associated with 
f· cinnamomi has been emphasised by several authors (e.g. Newhook , 
1960 , 1970; Newhook and Podger, 1972; Pratt and Heather , 1973 a,). 
The term "environment " encompasses a complex of factors interacting i n 
a man ner which can only be fully visualised multi-dimensionally. 
The climate above ground influences the soil environmental factors o f 
moisture , temperature, structure, aeration, pH, nutrients and bio t i c 
interactions with other organisms. Interactions of these and other 
factors result in extreme complexity in the soil environment. These 
interactions may affect different -morphological and physiological 
phases of the fungus and many of them fluctuate with time. Similar 
environment interactions will affect the interac t ions betwee n host 
and pathogen . In Australian forGsts the situation may be further 
complicated by plant mort~lit ies in many dominant spec ies. Following 
the impact of disease, r educed cover, allowing greater penetration of 
light to the lower vegetat ion strata and decreased evapotra nspiration , 
would lead to modification of the environment. However , e nv ironmental 
changes of this type associated with P. cinnamomi induced disease 
have not so far been documented . 
Pratt , Heather and Shepherd (1973) sta ted: 
" .. .. ... a fuller understanding of the mechan isms underlying 
the onset and spread of disea se .. (is) . . needed in order t o develop 
and implement forest usage schemes least likely t o i nduce disease 
deve lopment". I mpl i c it in t his statemen t is the need for detailed 
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studies on the influence of environmental factors on the occurrence 
of P. cinnamomi and associated disease development. However, because 
of the complex interactions of soil environmental factors, it is 
often difficult to distinguish between them and to evaluate their 
significance . 
Background to the Present Study 
Following heavy summer rain in 1969-70, large numbers of 
dead and dying plants were observed in the Canberra Botanic Gardens, 
private gardens, parks and roadside plantings in the Canberra area 
(Pratt and Wrigl8y , '1970 , pers. comm.). In the summer of 1970-71 
murlalities were observed in native vegetation in the Black Mountain 
Reserve (Pratt et al., 1972 a). 
--
Soil and root samples collected from 
affected plants commonly yielded P. cinnamomi. Because of the 
aesthetic, cultural, educational and scientific value of the Blac k 
Mountain area, a need was recognised for studies on the distribution 
a nd significance of the disease, the species affected and associated 
potential pathogens. In addition, the occurrence of P. cinnamomi 
in the area provided an opportunity for studies on the environmental 
associations of the fungus in Black Mountain soils. 
This thesis describes studies undertaken on the occurrence 
of P. cinnamomi in the Botanic Gardens and Black Mountain Reserve, the 
association of the fungus with disease (Chapter 2) and the influence 
of environmental factors on disease and the Behaviour of the fungus 
( Chapter 3) . Additionally, laboratory studies were made on variation 
in P. cinnamomi isolates from Black Mountain (Chapter 4) and on the 
water relations of the fungus (Chapters 5, 6). 
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The dissertation is divided into two parts, part A (Chapters 
1 - 4) being largely concerned with field studies, together with 
laboratory studies relating directly to the field situation. Part 8 
(Chapters 5 - 6) deals with studies on the water relations of~- cinnamomi , 
with emphasis on the behaviour of the fungus in osmotically controlled 
systems. The final Chapter (Chapter 7) discusses the results of the 
laboratory studies in relation to the field situation. 
CHAPTER 2 
THE OCCURRENCE OF PHYTOPHTHORA CINNAMOMI 
ON BLACK MOUNTAIN, A.C.T. 
2.1 THE STUDY AREA 
2 . 1. 1 General Description 
-C 
Black Mountain Reserve occupies approximately 518 ha of dry 
sclerophyll forest close to Canberra City (Plates 2.1, 2.2; Fig. 2 . 1). 
The Canberra Botanic Gardens occupy 40.5 ha of the lower eastern 
slopes of Black Mountain and are bounded on three sides by the Reserve. 
Access to television broadcast facilities at the summit is provided 
by one sealed road and there is an extensive system of minor roads 
and tracks throughout the Reserve and Botanic Gardens. Power lines 
and pipelines cross the reserve in several places. Two major water 
reservoirs are situated in the northern and one in the south-eastern 
part of the area, and two smaller reservoirs in the south east supply 
I 
the Botanic Gardens and a picnic area near the summit. 
The Botanic Gardens have been extensively cultivated. In 
much of the eastern section the .dominant eucalypts have been retained 
while the vegetation of the lower strata has been cleared and replaced 
with cultivated Australian native plants. Some of the pre-existing 
-
vegetation in areas near the boundary fence adjacent to the Reserve 
has been retained. In some parts of the gardens the environment has 
been purposely modified in an attempt to reproduce natural conditions 
of plant species from other parts of Australia. Misting devices have 
-7 
been installed to keep the atmosphere moist in a "rainforest " gully . 
Quantities of soil have been imported for growing particular species , 
much of it from the alluvial flats of the Molonglo River. 
Geologically, Black Mountain is the oldest feature in t he 
Canberra landscape (Opik, 1954). 
plains to an altitude of 823 m. 
It rises 244 m above the s urrounding 
0 Steep slopes, often greater than 30 , 
are common on all aspects close to the summit. 
The soils of the upper slopes are mostly skeletal, with 
little profile differentiation and containing a large proportion of 
fragmented rocks. They are lithosols, highly susceptible to erosion 
if the surface litter or root layer is removed. Some deeper alluv ial 
deposits occure in low-lying depressions and gullies. 
The mean annual rainfall for the area is 0.56 m, be ing almost 
uniformly distributed through the year (Appendix A). However rainfall 
is unreliable and extreme high and low falls have been recorded f or 
the same months in successive years. Summer r a in, considered t o be 
important in plant disease development, is often heavy, but sca ttered 
(Pryor, 1954). The effectiveness of summer rain above levels wh ich 
fill the small storage volume in the soil is modified by rapid run-
off and high evaporation rates, but usually infiltration is rapid and 
appreciable run-off occurs only during heavy or extended periods o f 
rain (Pook and Moore, 1966). 
Plant growth in winter is limited by low temperatures, 
especially during June, July and August (Appendix A; Pook and Moore , 
1966). 
PLATE 2 .1 Black Mountain Reserve is an area of dry sclerophyll forest close to 
Canberra City. View from south-east across Lake Burley Griffin 
(Photo by C. Totterdell) 
CD 
PLATE 2 . 2 Aerial 
(Photo 
view, 
by c . 
Black Mountain 
Totterdell) 
9 
1973 (Altitude 2135 m) 
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The vegetation on Black Mountain is mostly dry sclerophyll 
forest, within the Eucalyptus macrorhYncha - S· rossii alliance (Pryor , 1954) . 
Dominant species of the forest canopy are Eucalyptus rossii R.T. Bak. 
and H.G. Sm. and_§. macrorh '1ncha F.Muell., while subordinate trees 
include g_. polyanthemos Schau., g_. mannifera Mudie subsp. maculosa 
(R.T. Bak.) L. Johnson, and g_. dives Schau. The shrub stratum is 
of variable composition, prominent but discontinuous, with a wide 
variety of herbaceous species which provide little cover. Prominent 
members of the latter are~ sieberana and Danthonia pallida Fl.Br. 
(Pook and Moore, 1966). 
2.1.2 History of Disturbance 
A detailed historical outline of the use of the Black 
Mountain area by European man is given in Appendix B. It is obvious 
from Fig. 2.1 and Plate 2.2 that the area has been extensively 
disturbed by road construction, installation of powerlines and pipe-
lines, construction of water storages etc. Much of this disturbance 
has taken place within the period 1954 - 1974. 
2.2 METHODS FOR SURVEYS OF THE OCCURRENCE OF PHYTOPHTHORA 
ON BLACK MOUNTAIN 
To determine the occurrence of Phytophthora spp. and 
associated disease on Black Mountain and to evaluate the significance 
of environmental conditions associated with disease, surveys tha t were 
both intensive and ext~nsive were carried out. 
1 1 
2.2.1 Methods of isolation of Phytophthora spp. 
Since early observations of the disease syndrome indicated 
the involvement of Phytophthora (Pratt and Wrigley, 1970), methods 
suitable for the isolation of Phytophthora spp. were selected for use 
in subsequent detailed surveys. 
(a) General considerations. Methods of isolating Phytophthora 
from soil and plant roots have included direct plating using selective 
agar media (Eckert and Tsao, 1962; Hendrix and Kuhlman, 1965; McCain 
et al., 1967; Tsao and Ocana, 1969) and baiting with plants or plant 
--
parts (Campbell, 1949; Anderson, 1951; Zentmyer ~ al., 1960; Chee 
and Newhook, 1965; Waterhouse and Stamps, 1969) . These methods are 
selective, tending to exclude other fungi and bacteria and this 
selectivity is enhanced when baiting and selective media are used 
together, i.e. when material used for baiting is plated onto a 
selective medium (Chee and Newhook, 1965). 
Direct soil plating and baiting each have disadvantages 
and vary in usefulness depending on the type of information required. 
Baiting is likely to be more sensitive than direct plating in detecting 
the fungus where the fungal population is low, as it is possible to 
sample larger quantities of soil than is practicable in direct soil 
plating. Moreover, where baiting methods rely on infection by 
zoospores of the fungus, inoculam may become effectively concentrated 
on the bait by chemotactic responses to exudates from host roots or 
wounded host tissues (c.f. Zentmyer, 1961, 1966, 1968; Hickman, 1970; 
Mehrotra, 1970) . A serious disadvantage of all baiting methods is 
that only the presence or apparent absence of the fungus is recorded . 
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Tsao (1960) and Marks~~- (1973) attempted to combine baiting 
with soil dilution techniques to estimate relative fungal population 
densities in soil. 
on several grounds. 
The validity of such estimates may be questioned 
1. "Population density" data obtained under baiting conditions 
may bear little relation to field conditions. 
2 . The minimum number of propagules required to establish an 
infection in particular baits under normal baiting conditions 
is unknown. 
3 . The types of propagules existing in the sample are unknown, 
and the fungus could pass through one or more phases in its 
life history before infection occurs. Thus if survival 
propagules have differential germination rates or differ in 
ability to produce the infection phase within the period of 
the baiting experiment, misleading results may be obtained. 
Much attention has been given to direct plating of soil on 
selective media as a possible means of estimating population densities 
of Phytophthora species (Tsao, 1970). These methods may give estimates 
of the numbers of survival propagules of the fungus, providing that 
the origin of colonies on soil plates is known (Warcup, 1955; Garrett, 
1963) . However cautious interpretation of results is necessary if 
the fungus exists in the soil as mycelum or occurs in organic debris . 
Although baiting and direct plating methods are useful 
b~cause of their selectivity, selectivity can restrict interpretation 
of data on the frequGncy of recovery of a fungus and of data from 
studies on the isolates obtained. Different isolates of the same 
species may differ in sensitivity to an antibiotic (Tsao, 1970) or 
in ability to infect a particular host (e.g. Torgeson, 1954). Thus 
selective sampling may occur through reduced or non-recovery of 
antibiotic-sensitive or non-pathogenic variants. 
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With the above considerations in mind, the blue lupin 
(Lupinus angustifolium L.) baiting technique of Chee and Newhook (1965) 
as described by Pratt and Heather (1972) was chosen for use in surveys 
on the occurrence of Phytophthora on Black Mountain, for the following 
reasons:-
1. During exploratory surveys, sensitivity in detection was 
considered more important than quantitative estimates Llf 
fungal occurrence. 
2. The technique has been used successfully for isolation 
of Phytophthora spp., particularly£:· cinnamomi, from a 
wide range of Australian soils (e.g. Weste an~ , ;lor, 1g71; 
Pratt and Heather, 1972, 1973 a, b; Podger , 1972). 
3. The method is particularly suited for the rapid assessment 
of large numbers of samples. 
4. It is widely used in Australia, providing opportunit ies for 
comparisons of retrieval rates and of isolate characters. 
(b) Methods of soil sampling and isolation of P. cinnamomi. 
During each survey, samples of soil and roots were taken from a l~pth 
of 10 - 20 cm using implements surface-sterilised with 75io etharJl. 
Soil samples were usually baited within 48 hrs of co~ ection. 
When this was not possible, samples were stored at a0 c until required. 
The baiting cups containing the samples and lupins were incubated at 
laboratory temperatures (17° - 25°C) for 48 hrs, when the lupin roots 
were examined for lesions. Pieces of lesioned roots were immersed 
for approximately 15 seconds in 75io ethanol, then were transplanted 
to plates of 2io agar containing 50 ppm streptomycin B sulphate (SWA). 
Non-lesioned lupins were retained for a further eight days and examined 
daily for lesion development. 
Tentative identification of fungal colonies on SWA was 
made after incubation of the plates for 4 days. Fungi were then 
isolated onto VB agar (Appendix C) or cornmeal agar ("Oxoid") for 
further observation and identification (2. 2 .1(c)). 
Because of the close proximity of Black Mountain to the 
Forestry Department, A.N.U., a useful modification of the sampling and 
baiting procedure was to take baiting cups to field sites where they 
were loaded directly with samples of soil and plant roots. Care 
was taken to ensure that samples did not dry out and~ r e not trans fer 
to adjacent cups. The cups were returned immediately to the l a borGt o1 1 
and normal baiting procedures followed. 
(c) Identification of isolates. The following procedure was 
adopted for the identification of isolates of Phytophthora spp. 
Tentative identifications were made on the basis of the morphology of 
sporangia developing on lupin roots during baiting , and checked by 
observing hyphal morphology and chlamydospor~ production in SWA ctnd 
sporongium production in VB agar culture discs immersed in non-s t eril e 
soil extract. Formal identification was completed using the ~e y of 
Waterhouse (1963), the descriptions of Waterhouse and Waterston ( 1966) 
and Frezzi (1950), and by comparison of isolates with verified isolates 
of A 1 and A2 £:· cinnamomi, £:· drechsleri Tucker and other Phytophthor0 
and Pythium spp. (held by B.H. Pratt, Department of Forestry, A.N.U.). 
A collection of cultures was maintained on malt agar slopes 
(Appendix c) stored at a0 c. 
2.2.2 Organisation of the Surveys 
Surveys to determine the occurrence of the fungus on Black 
Mountain, its association with disease and the environmental conditions 
associated with disease development were conducted using three 
different procedures (Table 2.1). 
Survey A Selective Sampling 
This survey was used to determine the occurrence of 
Phytophthora spp., the distribution of disease and the plant species 
affected by disease. 
Periodical samplings were made in the Botanic Cardens and 
Black Mountain Reserve during 1971-1973. Soil and root samplew were 
collected from beneath diseased plants, removed to the laboratory and 
examined for the presence of£:· cinnamomi and other Phytophthora spp. 
using the methods described above, and by direct plating of surface 
sterilised plant tissues on 'JP' agar (Eckert and Tsao, 1962). 
Survey B Random Sampling of Selected Sites 
Preliminary observations indicated that intLnsive surveyo 
of diseased and apparently healthy areas might provide inform~ ·on on 
environmental factors that could be correlated with the occurrence of 
Figure 2 . 1 Map of Black Mountain 
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TABLE 2. 1 Summary of surveys on the occurrence of P. cinnamomi 
on Black Mountain 
Purpose 
Method 
SURVEY A 
Association of Phy-
tophthora spp. with 
disease. Distri-
bution of fungus and 
associated disease. 
Species affected by 
disease a 
Periodic sampling of 
plants in diseased 
areas. Isolation of 
fungi by lupin bait-
ing and direct plat-
ing. 
SURVEY B 
Association of Phy-
tophthora spp. with 
disease. Occurrence 
of P.cinnamomi in 
relation to envrion-
ment. Impact of dis-
ease on plant com-
munity. 
Random sampling 
within selected dis-
eased and apparently 
healthy areas in a 
range of topographic 
classes. Isolation 
of fungus by lupin 
baiting. 
SURVEY C 
Distribution of Phy-
tophthora spp. on 
Black Mountain. 
Random sampling in 
randomly selected 
sites on Black Mour -
tain. Isolai ion of 
fungi by lupin 
baiting. 
TABLE 2.2 Outline of number and distribution of Survey B 
plots 
Disease TORJGRAPHIC CLASS North aspect South aspect East slopes Gully 
status (Botani~ Gardens) 
+ 3 3 3 3 
- 3 3 3 3 
-
the fungus and disease (vide Chapter 3). However the extent of the 
survey was limited by two major considerations. Firstly, to maximise 
the probability of detecting the fungus where it was present at low 
population densities, and to minimise fluctuations in recovery of 
P. cinnamomi with short term changes in soil temperature and moisture, 
a large number of samples from each sampling site had to be collected, 
then assayed within the shortest possible time. Secondly, laboratory 
facilities allowed a maximum of 400 samples to be examined at any 
one time. In order to satisfy these requirements, the following plan 
was adopted. 
Twenty-four 6.1 m x 6. 1 m plots were located in selected 
areas in four topographic clusses (Fig. 2.1, Plots s1-s24; Table 2.2 ) 
viz. north aspect, south aspect, gully floor (Black Mount0·n Reserve) 
and eastern slopes (Botanic Gardens). Of the six plots in each 
topographic class, three were classed as "diseased" and three as "heal t-r ·11 
according to the presence or absence of mortality in sPlected indi ~1to. 
species (Table 2.3). Similar dominant tree and shrub species were 
present in the diseased and apparently healthy plots within each 
topographic class. The presence and relative abundance of plant species 
in each plot were noted prior to sampling. 
TABLE 2.3 Indicator shrub species used in selection of 
diseased and apparently healthy sites, Survey B 
Acacia di ffusa 
Brachyloma daphnoides 
Cassinea aculeata 
Daviesia mimosoides 
Dillwynia retorta var.phylicoides 
Grevillea aff. alpinu 
The position of each sampling site within a plot was 
determined using random numbers and 25 soil samples were collected 
from each plot at depths of 10 - 20 cm. The samples were returned 
to the laboratory and baited. Additional samples from the same 
depth range were collected subsequently for estimates of various soil 
environmental parameters (vide Chapter 3). 
Survey C Random Sampling of Black Mountain Area 
This survey was intended to provide further information 
on the distribution of the fungus and disease in Black Mountain 
Reserve. 
Reserve. 
A grid pattern was superimposed on a map of Black Mountain 
The grid squares were numbered and tables of random numbers 
were used to select thirty sampling areas. A sampling plot (6.1 m x 
6.1 m) was established within each area using rendom numbers, then 
located in the field using ~ap and compass bearings (Fig. 2.1, Plo t s 
r1 - r30). Ten soil samples were collected from each plot, as 
described for Survey B, and baited for P. cinnamomi. 
2.3 RESULTS 
2.3.1 Disease Symptoms 
Throughout surveys A, Band C, the development of disease 
symptoms in the aerial parts of plants was noted. Because of the 
large number of species affected (2.3.2) precise descriptions of 
symptom development for each species is impracticable. However most 
species affected by disease showed broadly similar symptoms and these 
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11ere similar to those described by other authors (Podger and Ashton, 
1970; Pratt and Vrigley, 1970; Weste and Taylor, 1971; Podger, 1972; 
Pratt and Heather , 1973 a). 
Symptoms in shrubs and other small woody plants included 
chlorosis , defoliation, progressive dieback of branches and rapid 
dehydration and death of foliage. Symptoms occurring in larger shrubs 
and trees included chlorosis, ~icrophylly , progressive dieback of the 
cro~n (occasionally associated with epicormic shoot development) and 
rapid death of foliage on individual branches or the whole crown. 
'esophyt~c plants were often severely wilted. 
plants vere discoloured and rotted . 
The roots of diseased 
. ortality usually occurred over time spans ranging from a fev1 
dais to three or four months. 
The initiBl stages in the gradual progress of dieback as 
described by Podger (1972) were difficult to recogn ise, owing to the 
presence of dead brancnes ~n the crowns of scattered trees throughout 
tha study area. Ho,ever disease in the eucalypts was recognised ?S 
progressive daterioration of the crown while trees having occasiona~ 
dead b:::-'anc es out : itn no further signs of deterioration were 
classif~ed as healthy. It seems likely that the scattered occurrencg 
of dead branc es as associated :ith insect damage or drought (c. f . 
Pook et a:. , 1966). 
2.3 .2 Species ed and Association of Phytophthora spp. vith 
Disease 
Te olant species sho ing disease symptoms and the associated 
PhyLop t ora spp . are isted i Appendix D. Data frorri the tr • .ree 
s~rveys carr~ed out by t, ea thor, olus additional data obtained by 
Botanic Gardens staff are presented. Personnel responsible for 
observation of diseased plants and isolation and identification of 
associated organisms are given for each entry. 
During the period Feb. 1971 to May 1973 , mortalities were 
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observed in approximately 240 plant species of 26 families. Of the 
175 species listed in Appendix D, E· cinnamomi was isolated from 164, 
while P. drechsleri was isolated from 17. Disease in six species was 
associated with both fungi and on three occasions both fungi were 
isolated from the root zone of the same plant. One hundred and 
twenty-nine species are new host records for P. cinnamomi and five 
species are new host records for P. drechsleri. The host association 
was confirmed by recovery of the fungus from direct platings of root 
and collar material on '3P' agar (Eckert and Tsao, 1962). These 
results indicate close association of both P. cinnamomi and P. drechsleri 
with disease. 
Most of the species listed in Appendix Dare native plants 
introduced to the Botanic Gardens. However naturally occurring 
species prominent in the area are included, and are listed in Table 
2.4. Commonly affected shrub species were: Grevillea aff. alpina 
Lindl., Brachyloma daphnoides (J.E.Sm.) Benth., Dillwynia retorta 
(Wendl.) Druce var. phylicoides (A. Cunn.) J. Thompson, Daviesia 
mimosoides A.Br., Acacia diffusa Lindl., Cassinea aculeata (Labill.) 
A.Br. and Leucopogon microphyllus A.Br. var. - pilibundus (A. Cunn . ex 
DC) Benth. Commonly affected tree species were Eucalyptus 
macrorhyncha and E. rossii. Mortalities of the root parasite Exocarpos 
cupressiformis Labill. were observed in some areas but it is not known 
whether death occurred directly as a result of root-rot or indirectly 
through death of nearby host plants. 
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TABLE 2.4 Naturally occurring plant species affected by 
disease on Black Mountain 
Acacia buxifolia 
A. diffusa* 
Brachyloma daphnoides* 
Cassinea aculeata* 
Daviesia mimosoides* 
Dillwynia retorta var. phylicoides* 
Dodonea viscosa 
Eucalyptus divesa 
a E. macrorhyncha* 
a E. polyanthemos 
E. rossii*a 
a Mature trees and seedlings 
Grevillea aff. alpina* 
Hibbertia obtusifolia 
Leptospermum lanigerum 
Leucopogon microphyllus var. 
pilibundus 
b.· virgatus 
Melichrus urceolatus 
Monotoca scoparia 
Phyllanthus thymoides 
Pultenea procumbens* 
* Isolation off· cinnamomi by direct plating of roots and 
by lupin baiting. 
baiting only. 
Unmarked spp.:isolation by lupin 
r 
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FIG. 2 . 2 CHANGES IN ABUNDANCE OF PLANT SPECIES IN DISEASED ARE AS . 
(SURV EY B SITES) 
DISEASED HEALTHY 
1 9 7 1 1 9 7 3 1 9 7 1 1 9 7 3 
20 15 10 50 5 10 15 20 15 10 5 5 10 15 20 
Brachyloma daphnoides b 11 6 11 11 
Daviesia m imosoides 9 8 4 3 
Dillwynia retorta var. phylicoides 9 7 11 11 
Grevillea aft. alpina 10 9 
Pultenea procumbens 9 6 6 5 
Acacia buxifolia 6 4 5 
Phyllanthus thymoides 4 5 5 4 
Haloragis tetragyna 8 9 7 10 
Lomandra filiformis 5 8 6 8 
Leucopogon microphyllus var. 3 3 
pilibundus 
Cassinnea aculeata 4 3 3 4 
Hibbertia obtusifolia 6 4 7 9 
Acacia diffusa 3 2 2 
Pomax umbellata 4 
Dodonea viscosa 3 
Lepidosperma sp. 4 
Melichrus urceolatus 4 5 4 
Eucalyptus rossii 3 6 3 3 
Monotoca scoparia 2 3 3 
Acacia (?)ru bid a 2 2 
Hardenbergia violacea 
Eucalyptus macrorhyncha 
Cryptandra amara 
Myrbelia oxyloboides 
Dianella sp. 
Helichrysum collinum 
Eucalyptus polyanthemos 
Leucopogon aft. fletcheri 
Hibbertia calycina 3 3 
Marianthus sp. 
Juncus sp. 
Goodenia hederacea 4 9 5 4 
Leptosperum lanigerum 
Acacia vomeriform is 
Pimelia linifolia 
Bossiaea buxifolia 
Acacia (?)melanoxylon 
Acacia(?) pycnantha 
Dichond ra repens 
Luzula sp. 
GRASSES 12 12 
0 Total cover value , obtained by adding values from each plot (1 =p resent: 2=1 -2 . 3= 3-5 , 4= 6-10 , 5= 11-25 ,6=25-50 , 
7=50-75 percent of plot area .). 
bNumber of plots in which species present. 
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2.3.3 Changes in Species Composition of Diseased Areas 
To elucidate gross changes in the species composition of 
diseased and healthy areas, the relative abundance (per cent cover) 
of plant species in Survey 8 plots (Fig. 2.1, plots s1-s24) was 
estimated prior to sampling in May 1971 and again in May 1973 (Fig. 
2.2). Estimates were also made of the proportion of individuals af-
fected by disease, for selected species (Table 2.5). 
major points emerged from the study:-
The following 
(a) Shrub species which were most abundant in the plots in May 
1971 were also most affected by disease, in that they had the largest 
proportion of diseased individuals in May 1971 (Table 2.5) and had 
declined in abundance by May 1973 in diseased but not in apparently 
healthy plots (Fig. 2.2). Particularly striking examples of this 
are Brachyloma daphnoides, Dillwynia retorta var. phylicoides and 
Grevillea aff. alpina. Other species of apparently high susceptibility 
but lesser abundance included Hibbertia obtusifolia DC., Acacia diffusa , 
Leucopogon microphyllus var. pilibundus, Melichrus urseolatus Fl.Br., 
Monotoca scoparia (J.E. Sm.) Fl.Br., Cassinea aculeata and Helychrysum 
collinum DC. 
(b) · Some herbaceous plant species, particularly Lomandra fil iformis 
(Thunb.) J.Britt., Dianella sp. and Goodenia hederacea J.E.Sm. increased 
in abundance in diseased but not in apparently healthy plots (Fig. 2.2). 
Additionally, in certain areas (e.g. northern aspect) there was a 
pronounced increase in the height of grasses, but only in diseased 
plots. 
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TABLE 2.5 Proportion of selected species affected by disease , 
May 1971, Survey 8 plots 
Species 
Grevillea aff. alpina 
Brachyloma daphnoides 
Dillwynia retorta var. phylicoides 
Acacia di ffusa 
Eucalyptus rossii (seedlings) 
Pultenea procumbens 
Cassinea aculeata 
Daviesia mimosoides 
Phyllanthus thymoides 
Dodonea viscosa 
Hibbertia obtusifolia 
Mean Disease 
Ratino* 
3.0 
2.5 
2.4 
2.0 
1. 7 
1 .6 
1 .5 
1 .3 
0. 8 
0.7 
0.3 
* Disease ratings were given for each species according to the s cale :-
1 ' 
2, 
3, 
less than 25°/o of 
25°/o 5CP/a 11 
5CP/a - 1 DCP/o 11 
individuals dead on chlorotic 
II 
II 
II 
II 
II 
II 
II 
II 
The mean rating number was calculated from the ratings for each 
species in each diseased plot. 
(c) In diseased plots the abundance of some species known to 
be affected by disease (c.f. Table 2.4, 2.5) remained the same or 
showed only slight increase or decrease (Fig. 2.2), e.g. Dodonea 
viscosa Jacq. sens. lat., Hardenbergia violacea (Schneev.) Stearn, 
Leptospermum lanigerum (Ait.) J.E.Sm . sens. lat. and seedlings of 
Eucalyptus rossii and S· macrorhyncha. 
(d) Although changes occurred in the relative abundance of 
some species in apparently healthy plots during the study period 
these were slight compared to those in plots in diseased areas (Fig. 
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2. 2) . These changes may have been due to root damage resulting from 
the intensive soil sampling or to insect activity, particularly stem 
borers which were prevalent in the area. 
2.3.4 Distribution of Phytophthora spp. 
The occurrence of P. cinnamomi and P. drechsleri in the 
-
Botanic Gardens and Black Mountain Reserve as determined during surveys 
A, Band C is shown in Figures 2.3 and 2.4. Because the surveys 
were both intensive and extensive, covering most of the Black Mountain 
area, it is tentatively assumed that the occurrence of the above fungi 
as determined by baiting approximates their actual distribution, and 
will be referred to as such throughout this thesis. 
P. cinnamomi was widely distributed throughout the Botanic 
Gardens (Fig. 2.4), and in the Reserve as scattered patches close to 
roads, tracks and other forms of disturbance- (Fig. 2.3). The fungus 
was rarely detected on high ground or ridges and was recovered less 
frequently on southern than on northern aspects. It was detected most 
often in gullies , depressions and in areas receiving drainage from 
rond culverts . 
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Soil and root samples from all diseased areas examined 
during the surveys yielded E· cinnamomi. 
All of the Survey C plots were in apparently healthy areas 
and none yielded the fungus. 
P. cinnamomi was isolated from one area in the northern 
part of the Reserve in which there was no manifest disease. However 
none of the susceptible species used in the recognition of diseased 
areas (Table 2.3) were present, possibly indicating removal of these 
species by previous disease and development of a more stable species 
configuration. 
The possible association of P. cinnamomi with disease 
(2.3.2) is supported by the recovery rates of the fungus from diseased 
and apparently healthy plots during Survey B. The fungus was isolated 
from all diseased plots, but not from any apparently healthy plots 
(Table 2.6). Thus the distribution of P. cinnamomi shown in 
Figures 2.3 and 2.4 closely corresponds to that of disease. 
While P. cinnamomi was distributed throughou t the Botanic 
Gardens and was widely scattered in Black Mountain Reserve, the 
distribution of P. drechsleri was more restricted. The latter fungus 
was not isolated from areas uphill (west) of the shadehouse in the 
Botanic Gardens (Fig. 2 .4) a nd was not found inside the Reserve 
boundary (Fig . 2.3). It was only isolated from, or near cultiva ted 
plants in the Gardens and its occurrence around the periphery of Black 
Mountain Reserve was associated with cultivated roadside plantings 
as in Survey C plot r20 (Fig. 2 .3). 
E· drechsleri was isolated, with one exception (Survey C, 
plot r20), only from diseased plants. 
TABLE 2.6 
May 1971 
November 1972 
Mean number of samplesa yielding P. cinnamomi 
from Survey B sites 
Disease North South East slope s 
status aspec t aspect (Bot. Gardens) 
+ 17 .3 7.7 9.0 
- 0 0 0 
+ 1-1 . 0 14.0 13.7 
-
0 0 0 
a out of 25 samples/plot 
30 
Gully 
15 .3 
0 
19 .7 
0 
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P. drechsleri was also isolated from soil adhering to 
unwashed plant pots which had been transported to the Botanic Gardens 
from a nearby nursery at Yarralumla, A.C.T. This may be significant 
as an indication of local origin of the P. drechsleri population in 
the Botanic Gardens. 
2.4 DISCUSSION 
The blue lupin technique was useful for detection of P. 
cinnamomi in large numbers of samples of soil and roots. The tech-
nique is not quantitative, is probably selective and does not provide 
direct evidence of host association. Nevertheless lupin baiting 
gave results comparable to direct plating of plant material where 
these techniques were used concurrently. 
A close association of P. cinnamomi with disease was 
indicated by the results of direct plating and the field Surveys A, 
Band C. The constant association of this fungus with disease and 
its apparent absence from areas without manifest disease is similar 
to results obtained by other authors in some areas of Victoria and 
Western Australia (Podger .§.i al., 1965; Podger, 1972; Weste and 
Taylor, 1971; Marks .§.i al., 1972), but contrasts with the results of 
Pratt and Heather (1973 a ,), who detected P. cinnamomi in apparently 
healthy areas in eastern and southern coastal Australia. However 
the frequent occurrence of the fungus in areas close to roads, tracks 
and other forms of disturbance is in accord with observations of the 
latter authors. 
P. drechsleri was detected less frequently than~- cinnamomi 
and was associated with cultivated rather than naturally-occ11rrLng 
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plants. Pratt and Heather ( 1973 b) recently reported its occurrence 
in diseased native vegetation in areas of eastern and southern 
Australia. However the distribution, host range and pathogenicity 
to Australian native plants of P. drechsleri are incompletely docu-
mented. 
While the distribution of P. drechsleri in the study area 
... 
was more restricted than that of E· cinnamomi, there is as yet no 
evidence that the environment is more favourable to P. cinnamomi 
than to P. drechsleri. Both fungi were sometimes detected in the 
same sample of soil and roots. Thus the differing distributions of 
these fungi on Black Mountain may indicate that they were established 
independently, with P. drechsleri being superimposed on the more 
extensive P. cinnamomi population. The detection of P. drechsleri 
in soil adhering to unwashed pots transported to the gardens from 
Yarralumla Nursery indicates one possible mode of introduction prior 
to the implementation of precautionary measures such as formaldehyde 
and steam-air treatments. 
The origin of E· cinnamomi in the area is of considerable 
interest, but the complex history of disturbance (Appendix A) makes 
it impossible to determine unequivocally whether the fungus is 
introduced or native to the area studied. 
Significant changes occurred in the species composition 
of diseased areas , as highly affected species decreased in abundance 
and even disappeared from some sites during the period of study, 
while some apparently unaffected species increased in abundance . 
In forest communities there is a dynamic relationship 
between plants competing for space, light , water and nutrients. 
Removal of trees and dominant shrubs can significantly alter this 
relationship through increased light penetration throug h the canopy , 
lower evapotranspiration and more available space, resulting in 
marked changes in species composition and abundance. However such 
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changes would be further conditioned by the susceptibility of 
individual plants to disease, with the factors of fungus and environ-
ment largely determining the ecological succession following the 
initial impact of disease. The increase in abundance of some 
susceptible species (2.3.2) could be explained on the basis of in-
creased vigour resulting from increased light, water and nutrient 
availability. Observation over a period longer than the three years 
of this study is necessary to determine if the changes in species 
composition and abundance in diseased areas are transitory or permanent. 
CHAPTER 3 
OCCURRENCE OF P. CINNAMOMI IN RELATION TO 
ENVIRONMENTAL FACTORS 
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To evaluate the significance of the association of certain 
environmental factors with the occurrence of P. cinnamomi and disease, 
soil samples were collected from each plot during Survey B (Chapter 2) 
and used for estimations of the soil parameters pH, nitrogen, 
phosphorus, inorganic cations (K, Mg, Ca, Zn, Mn, Fe), organic carbon, 
soil moisture and populations of soil bacteria and fungi. 
Additionally, studies were made on the dispersal of the fungus 
in water and on the behaviour of the fungus in soil and soil extracts 
from diseased and apparently healthy areas. 
3.1 OCCURRENCE OF P. CINNAMOMI IN RELATION TO SOIL pH, MINERALS 
AND ORGANIC CARBON 
The methods used in the estimation of each of these factors 
are described in Appendix E. 
There was no obvious association between the occurrence of 
P. cinnamomi and some of the soil parameters examined during this study. 
Only those data pertaining to positive associations are presented. 
The remaining data are given in Appendix E. 
The mean pH value for soil from each topographic class is 
shown in Table 3.1. Mean values for individual plots ranged from 
pH 4. 5 to pH 6.0, and were highest in the gully sites and lowe st in 
TABLE 3.1 Mean soil pH, Survey B sites 
TOPOGRAPHIC CLASS 
Disease North South East Gully Mean, All 
status aspect aspect slopes sites 
+ 5 .32 (0 ,09)a 4.84 (0.09) 5 .49 ( 0. 07) 5 .75 ( 0. 11 5 .35 
- 5 .31 (0.05) 4.52 CD.04) 5 .33 (0.05) 5 .66 (0.06 5 . 21 
TABLE 3.2 Mean levels of exchangeable potassium, magnesium 
and zinc, Survey B sites 
Factor 
Potassium 
(ppm) 
**"'~ 
Magnesium 
(ppm) 
iH*° 
Zinc 
(ppm) 
* 
a 
Disease TOPOGRAPHIC .CLASS North South East slopes 
status 
aspect aspect [Bot. Grdns) Gully 
+ 11580 (293)a 3256 (135) 7169 (618) 4724 (306 ) 
- 7664 (555) 2741 ( 86) 4161 ( 92) 1961 ( 92) 
+ 2187 ( 54) 729 ( 15) 1448 (155) 1764 ( 99 ) 
-
1500 ( 59) 624 ( 13) 1032 ( 45) 917 ( 33) 
+ 21 .8 (2.2) 9.7 ( 1. 6) 15.2 ( 1 .6) 17.0 (o. 8) 
- 13.5 (o.8) 9.9 (0.4) 11 . 2 ( 1.0) 3.7 (0.4) 
Standard errors in parentheses 
Significance of differences between diseased and healthy 
areas:-
*-lH*" p i. 0 • 00 1 
*"'*" P.(0.01 
* Pc(. 0. 05 
35 
.,. •• i <I' 
Disease 
status K 
4724 
+ 
(306) 
1961 
-
(92) 
l 
TABLE 3.3 Mean levels of inorganic cations, nitrogen, phosphorus 
and organic carbon, Survey B - Gully sites 
Minerals ppm Organic carbon,% 
Mq Zn Ca Mn Fe N p oven dry soil 
1764 17 .0 279.0 114.3 14456 13. 0 2.20 
2 .67 (0.29) 
(99) ( 0 .8) ( 54 .0) (15.0) (1050) ( 1. 5) (0.23) 
917 3.7 82.0 0.57 8636 2.3 0.67 
0.77 (0.04) 
(33) ( 0 .4) (3 .4) (0.23) (403) (0.4) (0.03) 
. 
Erratum: Tile figures for levels of total Nitrogen and total 
Phosphorus should be multiplied by a factor of 100 . 
Ll 
(1 
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the southern aspect sites. There was no significant difference in 
pH between diseased and apparently healthy areas. 
There was a general trend towards higher levels of inorganic 
cations, nitrogen, phosphorus and organic carbon in diseased areas 
(Appendix E), but significant differences between diseased and ap-
parently heal thy areas occurred only with potassium ( P < 0.01), 
magnesium (P<'.0.01), and zinc (P"-0.05) (Table 3.2). In gully sites 
the level of each factor examined was significantly higher in the 
diseased than in the apparentl y healthy area (Table 3.3). 
3.2 OCCURRENCE OF P. CINNAMOMI IN RELATION TO SOIL WATER REGIMES 
(a) Field observations. Disease on Black Mountain was most 
obvious following periods of heavy rainfall and coincided with areas 
disturbed by European Man, particularly where disturbance had resulted 
in alteration of soil water regimes. The most common types of 
disturbance, summarised in Table 3.4, resulted in increased soil 
moisture levels through drainage diverted from roads, impeded drainage 
and overflow of water storages. The areas examined during Survey B 
have been included in the table to enable comparison of diseased and 
apparently healthy areas . 
The clear association of disease with disturbance and 
altered soil water regimes observed in the Reserve was complicated in 
the Botanic Gardens, where infected nursery stock had been planted 
in many locations . However, change in soil moisture regimes may 
still be significant, as an overhead watering system in the Botanic 
Gardens began operating in 1968-1969 and widespread disease associated 
with P. cinnamomi was first noted in 1969-1970 (J. Wrigley, purs. 
comm . ) . 
Isolation 
Topography jof ~ 
. . 
c nn momi 
1. North + 
Aspect 
2. North I -
Aspect 
3. Gully I + 
4. Gully I -
5. South I + 
Aspect 
6. South I -
Aspect 
7. Gully head; + 
east slope 
8. Gully I + 
(Bot. Grdns) 
9. East Slopel + . 
10.Broad De- I + 
pression 
11.Gully I + 
TABLE 3.4 
Disease 
status of 
ve etation 
+ 
I 
-
I + 
I 
-
I + 
I 
-
I + 
I + 
I + 
I + 
I + 
Summary of types of disturbance associated with disease or 
Black Mountain 
Associated disturbance & comments 
Intermittent overflow of Botanic Gardens reservoir during 1971. 
In same general area as 1, but no similar disturbance. 
Drainage into gully from road crossing it above diseased area. 
Road above head of gully, but drainage runs along verge into area 3. 
Culvert drains water from road into diseased area below, (also common else-
where on Black Mountain). 
In some general area as 5, but no similar disturbance. 
Intermittent overflow of picnic area reservoir, 1973. 
Excess water from overflow of Botanic Gardens reservoir, and misting devices. 
P. cinnamomi isolated from drainage water in gully . 
.... 
Waterlogging due to seepage from blocked storm-water drain. 
Impeded drainage due to road construction. 
into area from major road. 
Earthworks blocking gully. 
Additional drainage diverted 
GJ 
(JJ 
Time of 
Collection 
Moisture 
Content 
(g/g) 
(Oct. 
1971) 
Soil pF 
(Nov. 
1971) 
Soil pF 
(July 
1972) I 
~ 
TABLE 3.5 Soil moisture levels in Survey B areas 
Disease 
status 
+ 
-
+ 
-
+ 
-
Units of mea surement shown in left column 
TOPOGRAPHIC CLASS 
North aspec t South aspect East slopes Gully (Bot. Grdns) 
16.1 (2.1) 1 10.6 (1.2) 5.6 (0.5) 8.0 (1.1) 
6.9(1.0) 6.1 (0.7) 6.9 (0.7) 4.2 (1.1) 
3. 79 ( 0. 10) 3.09 (0.12) 3 .37 ( 0 . 13) 3.34 (0 . 20) 
4.43 (0.06) 3. 19 ( 0. 16) 2. 93 ( 0. 10) 2. 71 ( 0. 15) 
3. 76 ( 0. 12) 3.57 (0.19) 4.22 (0.07) 4 .5o (o. 15) 
4.12 (0.05) 4. 17 ( 0. 08) 3.84 (0.33) 3.98 (0.11) 
N.B. High pF corresponds to low moisture content. 
* Standard errors in parentheses 
Mean, all 
sites 
10. 1tfo 
6 JY/o 
pF 3.40 
pF 3.32 
pF 4.01 
pF 4 .03 
Ll 
lO 
(b) Measurements of soil moisture. To obtain quantitative data 
on soil moisture, comparisons were made between soil moisture levels 
in diseased and apparently healthy areas (Survey B plots) on three 
occasions (Table 3.5). Initially, gravimetric measurements of soil 
water content (g water/g dry soil) were made, but measurements of 
soil pF were later substituted as being more meaningful in terms of 
water availability . 
In October 1971, the soil water content at 10 - 20 cm depth 
in rliscosed areas was significantly higher than in apparently healthy 
orcilS (P<:0.01, Toble 3.5) . However this result wos not reflected 1n 
later measurements which showed that some diseased areas were 
occasionally drier than apparently healthy areas in the same topographic 
class. 
3.3 DISPERSAL OF P. CINNAMOMI IN WATER 
To investigate the possibility that dispersal of P. cinnamomi 
occurs in water draining from diseased sites, attempts were made to 
isolate the fungus from water in the Botanic Gardens reservoir above 
the diseased north aspect plots s1 - s3 (Fig. 2 .1), in the gully below 
these sites, in several locations downstream and in Sullivan's Crgek, 
which eventually receives drainage water from the gully. 
(a) Methods. Lupin seedlings were suspended from polystyrene 
-foam floats in situ in the drainage water for 48 hrs then transferred 
to the laboratory for a further 72 hrs in baiting cups filled with water 
from the same location. Lupins were examined for root lesion produc-
tion and Phytophthora sporangia, then surface sterilised in 7fY/a ethanol 
and plated onto SWA for recovery of fungi. 
( 
r 
(b) Results. P. cinnamomi was detected in drainage water in 
the gully immediately below plots s1 - s3 and from drainage water at 
various points up to 600 m downstream, including an area within the 
Botanic Gardens where the gully had been transformed into a ''rain-
41 
forest" by the use of misting devices. No P. cinnamomi was isolated 
from the Botanic Gardens reservoir or from Sullivans Creek. 
3.4 BEHAVIOUR OF P. CINNAMOMI IN NON-STERILE SOIL AND SOIL EXTRACT 
Investigations were carried out on saprophytic survival 
and sporulation of P. cinnamomi in non-sterile soil and in aqueous 
-
soil extracts. 
3 .4. 1 Methods 
(a0 Saprophytic survival. Two experiments were carried oul 
to investigate the survival of~· cinnamomi (isolate 71-445, Black 
Mountaih Reserve) when added to soil removed from diseased a nd 
apparently healthy areas in the Reserve. 
Experiment 1. Soil samples from apparently healthy areas 
(Plots s10-s12, Fig. 2.1), in which~- cinnamomi could not be detected 
by lupin baiting, were air-dried, passed through a 2 mm sieve and 
brought to approximately pF1 (c. 2CP/o water content) with sterile 
water. Each sample was divided into ten replicate sub-samples, which 
were then spread evenly to a depth of approximately 1 cm, and lightly 
tamped down, in sterile glass petri dishes. 
The soil samples were inoculated with 6 mm diameter plugs 
of agar and mycelium removed from the outer edges of seven day old 
0 
colonies of P. cinnamomi grown on v8 agar at 23 C. The petri dishes 
were sealed with paraffin wax film ("Parafilm") to reduce evaporation, 
then incubated at 25°C in darkness for five weeks. The inoculum 
plugs and 1 cm of surrounding soil were then removed and the remaining 
soil was baited with lupins in an attempt to recover the fungus. 
Experiment 2 . A single 1 Kg soil sample was collected from 
each of six plots, s7 - s9 (diseased) and s10 - s12 (healthy), then 
treated as in Experiment 1. Each sample was halved. One half of 
each sample was brought to approximately pF 4.2 (c. Sia water content) 
and the other to approximately pF1, with sterile water. The samples 
were lightly packed into shallow containers (3 cm deep, 11 cm diameter) 
with tight-fitting lids. 
Inoculum was prepared by placing 2 cm discs of sterile 
polyester mesh ("Simon" P. E. 104) on the surface of a four day old 
P. cinnamomi culture on Va agar. 0 After 24 hrs incubation at 25 C 
the cultures were flooded with sterile water containing 100 ppm 
fluorescent brightener (Calcofluor White, M2R New) to "label" the 
mycelum (Tsao, 1970), then incubated for a further 48 hrs. The discs 
were then removed together with adhering mycelium and chlamydospores, 
rinsed in sterile water and five discs were buried in each container 
of soil. The lids were sealed and the samples were incubated at 
0 25 C for 28 days. 
At 1, 7, 14, 21 and 28 days, one mesh was removed from 
each sample, mounted in sterile water and examined microscopically, 
using white light with short intervals of ultra-violet illumina tion, 
for fungal growth, lysis and sporangium production. To determine 
viability, the discs were rinsed in sterile water, transferred to Va 
agar, then incubated at 25°C for 48 hrs, after which they were examined 
daily for mycelial growth. 
- - - - - - - - - ~ - - - - - - ~ ~ - - - - - ~ - - - - - - - - - - - - - - - - - - - - - - _ _ _......j 
(b) Sporulation in soil extracts. Three experiments were 
conducted to determine whether soil extracts from diseased and 
apparently healthy areas differed in their ability to stimulate 
sporulation in~- cinnamomi. 
Preparation of extracts. Fresh soil samples (approx. 1 kg) 
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were collected from Black Mountain, then dried and sieved as described 
previously (Expt. 1). A 200 g sub-,sample of each was mixed for 
approximately three minutes in 1000 ml distilled water, allowed to 
settle for 24 hrs, then filtered through Whatman No. 1 filter paper. 
Preparation of inoculum. rvlycelial mats of the fungus on 2 cm 
discs of polyester mesh were prepared as in Experiment 2, but were 
not flooded with fluorescent brightener. The discs, with adhering 
mycelium, were placed in petri dishes containing 20 ml soil extract 
for 24 hrs at 25°C, under continuous fluorescent light. The soil 
extract was then drained off and fungal structures were stained with 
lactophenol cotton blue. 
Counting of sporangia. The numbers of full and empty sporangia 
on each disc were counted, using a series of microscope traverses 
under 100 x magnification. 
Experimental procedure. 
Experiment 3. Sporulation was assessed in extracts of two of 
the soils used in Experiment 1 and 2, to enable comparison of diseased 
and apparently healthy areas. In this experiment twelve replicate 
discs were counted for each extract, but in subsequent experiments 
the number of replicates was reduced to five. 
Experiment 4. To determine if sporulation in soil extracts 
was more abundant in diseased than apparently healthy areas throughout 
a range of topographic classes, sporulation was assessed in soil 
extracts from all Survey B plots. 
Experiment 5. To determine if abundance of sporulation was 
cl I 
associated with recovery of the fungus, soil samples were collected 
at 6 m intervals along a transect running up one slope from the floor 
of a diseased gully. The samples were baited for P. cinnamomi. 
Soil extracts prepared from duplicotr! si1mpl8s were tcstcLI r'rir· ill Ji Ii r.y 
to stimulate sporulation in the fungus. 
3.4.2 Results 
(a) Saprophytic survival. 
Experiment 1 • All inoculated samples yielded~. cinnamomi 
when baited after five weeks, indicating that the fungus had spread 
at least 1 cm into the soil from the original inoculum. 
Experiment 2. The results are summarised in Table 3.6. Hyphae 
in the original inoculum retained fluorescence for the duration of the 
nxflr:?riment, but nc::w qr·r1wth wos not ,·11,rir~sr:rmt ofh 1 r the f'ir-~;r: SCV!!n 
d.Jys lncubn t ion. Nr~\1r)rthclc:..i'.J non- I' I 11urcsuJnt hy 1hLJc r :r ll I Ld lJ! · 
traced back to brightly fluorescing hyphae of origin, thus confirming 
that the introduced rather than a pre-existing fungus was being observed 
in samples from diseased areas . 
Progressive lysis of hyphae followed by lysis of chamydospores 
was noted in both wet and dry treatments, but was more pronounced in 
the drier soil and there was no indication of further growth after 
14 days (Table 3.6). 
By contrast there was evidence of continued activity , with 
many hyphal tips containing dense cytoplasm, in the wet treatments 
for at least 28 days, after which observations were discontinued. 
l 
TABLE 3.6 
Days after 
Inoculation 
Lysis 
Growth 
Sporangial 
production 
Growth of 
P. cinnamomi 
from inoculum 
plated on VB 
Growth of other 
fungi from 
inoculum plated 
on VB 
Results, Experiment 2, Survival of E· cinnamomi in 
soil samples from Black Mountain 
Wet (pF 1 ) Dry (pF 4.2) Disease 
status of 
1 I 7 I 14 I 21 I 28 1 I 7 I 14 I 21 I 28 ' sampled area 
- + ++ ++ ++ - ++- ++ +++ +++ + 
- + ++ ++ ++ - ++ ++ +++ +++ -
++ + + + + + + - - - + 
- .,._.. 
.-+ + + + + + + 
-
- - -
++ +* - - - - - - - - + 
- - - - - - - - - - -
+++ +++ +++ ++ ++ +++ ++ + + + + 
+++ +++ +++ ++ ++ +++ ++ + + + -
+ + + + + ++ +++ +++ +++ +++ + 
+ + + + + ++ +++ +++ -+++ +++ -
* Empty sporangia only 
~ 
Ul 
Sporangia could be found only on days 1 and 7, and only 
in inocula of the wet soils from diseased areas (Table 3.6). 
Mycelium oft· cin~amomi grew from all inocula plated on 
VB agar except for one from the dry soil of an apparently h8althy 
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area at the final sampling. Growth of other fungi (mostly Penicillium, 
Trichoderma, Aspergillus and Fusarium spp.) tended to overgrow and 
restrict development of E· cinnamomi in the dry treatments, but was 
slow and sparse, with little effect on P. cinnamomi development, in 
the wet treatments (Table 3.6). 
Oogonia and antheridia of P. cinnamomi were formed in several 
plates where the fungus had grown from the inoculum together with a 
Trir:hoderma sp. Nine isolates of Trichoderma were obtained from the 
p liJ Lr,s nnci tested r'or tht: lr obil i ty tt I st i_rnulutc oosp1H't: pn 1L1111: I. i 11n 
in A2 isolates of P. c innamom i from Black Moun ta in, using the techn iqucs 
of Brasier (1971) and Pratt et al., (1972). 
--
Only one isolate was 
found to be stimulatory. 
(b) Sporulation in soil, extracts 
In both Experiment 3 (Table 3.7) and Experiment 4 (Table 
3 .8) the mean number of sporangia per disc was significantly greater 
(P ~ 0.05) in soil extracts from diseased areas than in extracts from 
apparently healthy areas. Sporulation was most abundant in soil 
extracts from diseased gully and northern aspect sites, and was 
significantly less in extracts from the apparently healthy southern 
aspect sites (P<0.05) than in extracts from the other topographic 
classes (Table 3.8). 
In Experiment 5 the fungus was isolated from sample 1 in 
the gully floor, but not from the other samples on the slope (Table 3.9). 
Total 
TABLE 3 . 7 Sporulation of~ - cinnamomi in aqueous extracts 
of soils from diseased and apparently healthy 
areas. 
Results , Experiment 3 , mean no . sporangia/disc . 
Diseased Apparently Heal t hy 
sporanoia o/o released Total sporanqia 0/o released 
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2118 ( 127) 35.7 ( 4 .6) 995 ( 91 ) 5 . 0 ( 1.0) 
Di s eas e 
s tatus 
+ 
-
Standard errors in parentheses 
TABLE 3 .8 Sporulation of P . cinnomomi in soil extracts 
from Survey B sites 
Results , Experiment 4 , mean no. sporangia/disc. 
TOPOGRAPHIC CLASS 
East slopes North aspect South aspect (Bot . Grdns ) Gully 
1470 .3 879.0 810 . 9 1088 . 9 
(211 . 9) ( 115. 1) (119 . 3 ) ( 131 . 1) 
641. 1 394 . 9 637 . 0 836. 1 
( 94 . 2) (112 . 1) (83 .6) (126 . 0 ) 
Standard errors in parentheses 
Mean, 
all sites 
1062.3 
627.3 
( 
TABLE 3.9 
Sample* 1 
Location Gully 
Floor 
Disease 
Status + 
Isolation of 
P. cinnamomi + 
Sporulation 
in extract, 2160.4 
Sporulation in extract and recovery of 
P. cinnamomi from samples along a transect 
across a diseased area 
2 3 4 5 
Lower Slope Slope Slope 
Slope 
- - - -
- - - -
156 .6 300.0 236.4 919.0 
6 
Upper 
Slope 
-
-
380.8 
no ./disc. (369.4)a (37.5) (90.0) (24.9) (136.7) (126.6) 
* Sample interval, 6 m 
a Standard errors in parentheses 
Sporulation was significantly more abundant (P~0.05) in the extract 
from the corresponding duplicate sample (Table 3.9) than in extracts 
of the other samples from the slope. 
3.4.3 Association of environmental factors with sporulation of 
P. cinnamomi 
A number of attempts were made to evaluate the association 
of certain environmental factors with sporulation of P. cinnamomi in 
soil extracts from diseased and apparently healthy areas. 
attempts , detailed in AppeDdix E, included:-
These 
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(a) Calculation and statistical evaluation of correlation co-
efficients obtained using sporulation data from Experiment 
49 
4, and previously obtained data on soil pH, cations, nitrogen, 
phosphorus and organic carbon levels. 
(b) Estimation, by dilution plating, of the numbers of soil 
bacteria and fungi in diseased and apparently healthy areas. 
(c) Attempts to evaluate the role of microorganisms by counting 
sporangia produced in sterilised soil extracts. 
No positive correlations were found, thus the role of these factors 
in the differential sporulation of P. cinnamomi in soil extracts from 
diseased and apparently heal thy areas is still open to question. 
3.5 DISCUSSION 
3.5.1 Occurrence of P. cinnamomi in relation to soil pH and minerals 
In North America,~- cinnamomi has been isolated from roots 
of diseased nursery stock growing in soils ranging from pH 3.2 to 
pH 7.0 (Crandall~~-, 1945). 
In the present study soil samples from Black Mountain ranged 
from pH 4.3 to pH 6.1, falling within optimum pH ranges for in vitro 
----
sporulation (non-sterile soil extract) and radial growth (Chee and 
Newhook, 1965 and White, 1937 respectively). As no significant 
difference in pH was found between samples from diseased and apparently 
healthy areas, it seems unlikely that this factor exerts significant 
influence on the distribution of P. cinnamomi and disease on Black 
Mountain. 
Although disease occurrence on Black Mountain was assoc i a t ed 
with higher levels of potassium, magnesium and zinc, it has not been 
....... 
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determined whether there is a causal relationship between thes e 
factors and disease occurrence. As there was consider able over lap 
of the range of concentrations in diseased and apparently healthy plots, 
it seems unlikely that these factors alone influence disease occurrence . 
Generally, soil cations have been though to influence root 
diseases caused by "unspecialised" pathogens when mineral nutrient 
deficiencies reduce host resistance (Garrett , 1970). However, 
Anderson (1951) concluded that incr eased P. cinnamomi root rot i n 
pineapples with decreased potassium concentration was due to the 
effects of potassium on the fungus, rather than the host. Host-
pathogen interactions may also be affected, as particular cations 
may affect the permeability of plant cell membranes and the avail-
ability to the fungus of pectins in the middle lamella of cell walls 
(Rojas and Tobias, 1965; Jones and Lunt, 1967; W.A. Heather and F. 
Arentz, pers. comm.). Greater membrane permeability could lead to 
increased leakage of fungal nutrients from root cells, creating con-
ditions more favourable for root infection and breakdown by~- cinnamomi. 
Rojas and Tobias (1965) suggested that increased cell membrane permeability, 
observed when the concentration of potassium in nutrient solution 
was increased above 0.1 M (c. 3900 ppm), was due to the replacement 
of calcium by potassium in the phospholipid monolayer of the membrane . 
P. cinnamomi root rot of blue lupin seedlings in nutrient solution 
decreased with increasing calcium concentration (Heather and Prat t , 
pers. comm.) and a similar but smaller effect was observed with 
magnesium (Arentz, pers. comm.). If the molar ratio of concentrati ons 
r 
of calcium to magnesium was small, magnesium might compete with calc i um 
for bonding sites on pectin molecules (Walker, 1954), leading to r educed 
resistance of plant roots. The calculated molar concentration ratios 
of calcium to magnesium for the Survey B sites on Black Mountain 
tended to be smaller in diseased than in apparently healthy areas 
(Table 3.10), except in the gully sites. However further work is 
required to evaluate the significance of this factor in disease occurre nce . 
TABLE 3. 10 
Disease 
Status 
+ 
-
Mean molar ratios of calcium to magnesium in soil 
of Survey B sites, Black Mountain 
TOPOGRAPHIC CLASS 
North South East slopes Gully 
aspect aspect 
0. 14 0. 11 0.09 0.26 
0.22 0.20 0. 17 0. 15 
Calculated from data in Appendix E. 
Minerals and organic matter are returned to the soil from 
decomposing roots and plant litter, the amount of each factor varying 
with the amount held in affected plants, the biomass of affected 
plants and the rate of breakdown and leaching of diseased plant material . 
This in turn is balanced by uptake by other p~ants and losses in drainags 
water . In the gully sites on Black Mountain, the level of each of 
the soil factors examined was significantly greater in diseased tha n 
in apparently healthy areas. It may be significant tha t disea s e in 
these sites appeared to be more severe than in th e other topogra ph ic 
classes . 
-- ----- ·--- ------------
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3.5.2 Soil moisture 
Phytophthora spp. have long been recognised as pathogens 
common in wet soils but rare in dry soils (Hickman, 1958). In Australian 
native plant communities,~. cinnamomi disease occurs most frequently 
in gullies, depressions and other water gaining situations and is most 
obvious following heavy rainfall (Pratt and Wrigley, 1970; Weste & 
Taylor, 1971; Marks et~., 1972; Podger, 1972; Pratt and Heather, 1973 a); 
Pratt .£i al., 1972 a). This association is supported by previous 
observations elsewhere (e.g. Crandall et al., 1945; Zentmyer and 
Richards, 1952; Copeland and McAlpine, 1955; Newhook, 1959a, b; 
Sutherland ~ al., 1959; Zak, 1961; Stolzy et al., 1967). Other evi-
dence for the importance of water in disease associated with P. cinnamomi 
includes the widely accepted view that sporangia are produced in 
abundance only in a liquid environ~ent and that zoospore motility a nd 
chemotactic response to root exudates is dependent on water (Zentmyer , 
1961, 1966, 1968; Hickman, 1970; Mehrotra, 1970). 
Observational data on Black Mountain similarly implicates 
water in dispersal of the fungus and the occurrence of disease. 
However on two occasions it was found that soils in some diseased 
areas were drier than in apparently healthy areas in the same topographic 
class. 
An important limitation of the quantitative data on soil 
moisture was that short-term fluctuations wer@ not detected because of 
the laruc time interval between samplings. 
As a consequence of the results presented in th is Chcip l,1) r· , 
investigations on the water relations of P. cinnamomi were initia t ed 
(Part B, Chapters 5 and 6) . 
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The role of water in the ecology of P. cinnamomi is disc ussed 
in detail in Part B of this thesis, but discussion of some general 
aspects is appropriate here. 
Some authors have argued that certain minimum periods or 
froq1mnc ies of soil saturation may be required for P. cinnamomi 
to pruduce sporangia , liberate zoospores and thus to infect host roots 
at times when other factors (e.g. temperature) are not limiting 
(e.g. Newhook, 1959 a, b, 1960; Roth and Kuhlman, 1966). Conversely, 
dry periods may impose severe water stress on infected plants with 
depleted root systems, resulting in accelerated expression of disease 
symptoms. Newhook (1959) suggested that infection and disease expression 
were thus out of phase, with plants infected during wet periods dying 
during following dry periods. Thus severe disease might be expected 
in areas subjected to extreme fluctuations in soil moisture. Ob-
sPrvntion of diseased areas on Black Mountain during hr~c1,1y ruin i.lnci 
after extended dry periods supported this view, but direct evidence 
is lacking and further investigation is obviously required. 
3.5.3 Survival and behaviour of P. cinnamomi in Black Mountain soils 
Experiments with inoculum buried in soil showed that the 
fungus can survive in the absence of living host roots for at least 
4 - 5 weeks (Expt. 1 and 2), and that survival was favoured by wet 
rather than dry conditions. The latter result is consistent with the 
observed association between higher soil moisture levels and occurrence 
u r P. c innamomi in thL~ field . 
The rcsu J ls of Experiment 2 c.md of subscquun L nxpcr imcnts on 
sporulat ion of P. cinnamomi in soil extracts suggest that soils from 
diseased areas on Black Mountain have a greater capacity to stimulate 
sporulation in the fungus than soils from apparently healthy areas. 
This might significantly affect the distribution of P. cinnamomi 
and associated disease on Black Mountain, by influencing zoospore 
p n id I w: t lo n . 
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The mechanisms leading to diffGrontial sporulation in soil 
from diseased and apparently healthy areas are difficult to elucidate, 
as the level of sporulation in soil extract was not significantly 
correlated with levels of soil nitrogen, phosphorus, inorganic cations 
and organic carbon, or with numbers of soil bacteria and fungi as 
determined by dilution plating (Appendix E). However, because 
results from dilution plating would vary with the media used and colonies 
of active groups of organisms could have been masked by other organisms, 
the apparent lack of association between sporulation levels and the 
numbers of soil bacteria and fungi does not exclud8 micobiul involvcmrmt. 
Milrks und Elryiln ( 19G9) noted that hi!1hcr sporuL1tiun luvuls u r P. 
cinnamomi were associated with severe avacado root rot. They found no 
association of sporulation levels with the numbers of fungi and bacteria 
in soil dilution plates, but inferred from colony form that bacterial 
species in soils supporting abundant sporulation differed from those 
in soils less stimulating to sporulation. Broadbent and Baker (1974) 
found that sporulation of P. cinnamomi was more abundant in extracts 
of soils suppressive to avacado root rot than in soils conducive to 
root rot. Suppression was apparently associated with larger numbers 
of bacteria and actinomycetes and was broken by waterlogging or clover-
rncJt1 _L rnncmdmen ts. Il wos suggested that suppression or sporulation 
resulted from the activities of antagonistic microorganisms (Broadbent 
and Baker, 1974) . 
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It has no t yet been determined whether differential sporulation 
levels of P. cinnamomi in Black Mountain soils results from enhancement 
of sporulation in diseased areas, or antagonism or lack of enhancement 
of sporulation in apparently healthy areas. However, in each case 
the effect could be linked with frequent or prolonged periods of high 
soil moisture as follows:-
(a) Except under certain laboratory conditions (Chen and Zentmyer, 
1970) , the produc tion of large numbers of sporangia by E· cinnamomi 
is dependent on the presence of certain soil bacteria (Marx and Haas is, 
1965 ; Marx and Bryan, 1969; Zentmyer, 1965 ; Chee and Newhook, 1966; 
Manning and Crossan, 1966), and levels of sporulation in vitro may 
vary with the number and species of stimulating microorganisms (Ayers 
and Zentmyer , 1971). Theoretical and experimental evidence suggests 
that bacterial activity is greatest in wet soils near field capacity 
and declines rapidly as soil moisture decreases, a major factor being 
the restriction of bacterial cell movement (c.f. Griffin and Quail, 
1968 ; Griffin, 1970, 1972 ; T.W. Wong, unpublished data cited in Griffin, 
1972 ; Wilson, 1973) . Similar soils could have different bacterial 
populations depending on the period and frequency of wetting to 
moisture levels suitable for bacterial movement. Thus an increased 
capacity to stimulate sporulation in P. cinnamomi could develop in 
soil following increased soil moisture regimes. 
(b) As soil moisture increases, marked decreases in aeration 
may occur because of the high rate of respiration of microorganisms 
and the low rate of diffusion of oxygen through water (Griffin, 1972 ). 
Low oxygen concentrations could result in suppression of organisms 
antagonistic to sporulation by P. cinnamomi. 
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CHAPTER 4 
VARIATION AMONG ISOLATES OF P. CINNAMOMI 
FROM BLACK MOUNTAIN 
4 . 1 INTRODUCTION 
Shepherd and Pratt ( 1974 ) have reviewed earlier literature 
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on in vitro variation in P. cinnamomi and examined variation in tempera-
- ---
ture- growth relations among 330 Australian isolates of the fu ngus 
from a wide range of habitats , providing a basis for comparison 
with isolates from more restricted localities. Their results indicolnd 
thot variation in radial growth rate of P . cinnamomi ot 2~j°C on 
cornmeal agar was continuous between 4.7 and 10 . 5 mm/day and that 
growth rate was unrelated to their region of origin. However the 
proportion of fast and slow-growing isolates varied between populations 
from different regions of Australia . Comparisons of growth rate of 
primary isolates and single- zoospore derivatives indicated that 
several of the primary isolates were heterokaryotic (Shepherd and 
Pratt, 1974) . 
In the present study , isolates of P. cinnamomi obtained from 
Black Mountain (Chapter 2, Surveys A,B,C) were examined for varia tion 
in growth rate, sporulation and mating type . Variation in single-
zoospore derivatives produced from two of these primary isolates was 
also examined. 
r 
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4 . 2 METHODS 
4.2.1 Determination of mating type 
Phytophchora cinnamomi has two recognised mating types, 
designated A1 and A2 (c.f. Gallegly, 1970). To determine the mating 
Lyp~ of isolotus from Black Mountain, each of 141 isolates obtained by 
lupin baiting wus grown on VB agar with authenticated A1 and A2 
isolates of P. cinnamomi (i.e. mated), using the methods of Pratt ~.al., 
(1972). 
4 .2.2 Measurement of radial growth rate 
Radial growth rate of individual isolates was measured 
following incubation at 25° + 1°C on "Oxoid" cornmeal agar (CMA) 
using the methods of Shepherd and Pratt (1974). 
4 .2.3 Isolation of single zoospores 
Single zoospore derivatives of primary isolates were obtained 
using the methods described by Shepherd and Pratt (1 97~ ). 
4.2.4 Production and counting of sporangia 
Three single zoospore derivatives obtained from P. cinnamomi 
isolate 71-445 were examined for variation in numbers of sporangia 
produced under both non-sterile and axenic conditions. Duplicate 
petri dishes containing mycelial mats of each isolate were prepared 
by the method of Chen and Zentmyer (1970). One set of dishes was 
then washed with sterile mineral salts solution (Chen and Zentmyer, 
1970), while the other was washed once with glass-distilled water 
and then flooded with non-sterile 20~ soil extract (Chapter 3). 
After 24 hrs incubation in darkness at 25°C, the dishes were drained 
and then flooded with lactophenol cotton blue to prevent further 
____________________________________ _j 
r 
58 
sporulation and to facilitate counting of sporangia. For each 
isolate and treatment the numbers of full and empty sporangia occurring 
in 50 randomly 3elected microscope fields (100 x magnification) were 
counted and the mean number per treatment calculated. 
4.3 RESULTS 
4 .3. 1 Mating type of isolates of P. cinnamomi from Black Mountain 
One hundred and forty of the 141 isolates examined produced 
oospores when paired with the A1 mating type, but no isolate produced 
an oospore when paired with the A2. The remaining isolate did not 
produce an oospore with either mating type. Thus 140 isolates were 
designated as A2, no isolate was designated as A1 and one isolate was 
indeterminate. The latter is presumably neuter or sterile, but its 
exact nature could not be determined using the above test. 
4.3.2 Variation in growth rate of primary and single zoospore isolates 
The radial growth rates of 129 primary isolates were 
0 
measured on CMA at 25 C. The data were grouped in growth rate classes 
and histograms of the growth rate frequency distributions were con-
structed (Fig. 4. 1a). Growth rates varied between 6.5 and 10 . 5 
mm/24 hrs, the mean for Black Mountain isolates being 8.67 .± 0.13 mm/24 
hrs, with a standard deviation of 0.759. The frequency distribution 
was slightly skewed, with a median of 8.77 mm/24 hrs on the right of 
mean and a skewness (G1, Sokal and Rohlf, 1970) of -0.3 17. 
Figures 4.1 b,c show the frequency distributions of single 
zoospore progeny of the primary isolates 71-445 and 71-335. The mean 
growth rate of the single zoospore derivatives was less than that of the 
- - ----- - ---- - - - ---- - - - - - - - - - - - - - - - - - - - - ----- - - - - - - - - - ~ 
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FIGURE 4. 1 Growth rate distributions of primary and single 
zoospore isolates of P. cinnamomi 
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parent culture down to 4.5 and 6.5 mm/24 hrs for single zoospore 
derivatives of 71-445 and 71-335 respectively, the ranges exceeding 
those of the parent cultures . 
Thr: n 1n!Jr) in growth rate of the 129 primary isolates was 
q r·r i; 1 Lcr tllun thu L of single zoospore derivatives of isolate 71-335, 
but less than that of single zoospore derivatives of isolate 71-445 
( Fig . 4 . 1 a , b , c ) . The frequency distribution of single zoospore 
derivatives of isolate 71-445 was bimodal. 
4.3.3 Comparison of regional populations of P. cinnamomi 
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The growth rate distribution of isolates from Black Mountain 
was compared with that of isolates drawn from populations of the 
fungus from different regions of Australia. Growth rate data on isolates 
from Western Australia, Tasmaniq, Queensland, southern, central and 
northern N.S.W. and the A.C.T. were obtained from C.J. Shepherd, 
C.S.I.R.O. Division of Plant Industry , Canberra. Basic statistics 
of these data will be published (Shepherd and Pratt, 1974). Because 
of considerable differences in the form of the frequency distributions 
(Fig. 4.2), non-parametric statistical methods were used to test 
differences between the Black Mountain population and populations of 
other areas. 
A series of paired comparisons using the Kolmogorov-Smirnov 
test of goodness of fit (Siegel, 1956) were made. The significance 
probabilities in each comparison were pooled to give the total level 
of significance for the series. The results are shown in Table 4.1. 
Isolates from Black Mountain Reserve and the Canberra Botanic 
Gordens were not significantly different, therefore these data were 
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TABLE 4 . 1 Kolmogorov-Smirnov tes t (D- max)a for differences 
between growth distributions of regional populations 
of P. c i nnamom i 
A. C. T . Northern Central Southern Queensland Tasmanie Black Mountain ) N.S. W. N.S. W. N. S . W. 
-
0.2 132 0 . 9 187 -l~ 0 . 2271 0 . 1457 0 . 2866* 
0 .4812* 0 .6255-l~ 0 .6918-l~ 0 . 2745 0 .4239* 0 . 5372-l*-
a Siegel, ( 1956 ) 
i<- Significant difference , P< 0 .05 
'.'Jes tern 
Ci_u str alia 
0 .4217* 
0 .3144* 
CJ) 
r\J 
puoled for comparisons with other regions. 
too F8w (13) to be included. 
Victorian isolates were 
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The growth rate distribution of isolates of the Black 
Mountain population was significantly different (P.C::: 0 .05) from that of 
populations from Western Australia, Tasman ia , central N.S.W. coast 
and the A.C.T., but not from those of Queensland, northern N.S.W. and 
southern N.S.W. The distribution of the A.C.T. isolates studied by 
Shepherd and Pratt (1974) was significantly different from that of 
each other region studied except southern N.S.W. By inspection of 
Fig . 4 . 2 , it is apparent that the test used was sensitive to differcnc8s 
in kurtosis coupl8d with differencEJs in th8 value of the rnocic . ThD t 
skewness and range were less important is illustrated by the differences 
in these parameters between the -distributions of Queensland and Black 
Mountain isolates (Fig. 4.2) which were apparently not detected by the 
test. The frequency distribution of isolates from Western Australia 
was considerably different to those of other regions, being highly 
skewed and platykurtic. 
The frequency distribution of Black Mountain isolates was 
c ompared with that of the combined Australia n isolates , using a 
narrower class interval . The distribution of the combined Australian 
isolates wa s highly asymmetrical, with a tendency to be trimodal, 
whereas that of Black Mountain was more symmetrical and unimodal with 
a greater concentration of frequencies arou~d the mode (Fig. 4.3). 
Black Mountain isolates were contained in a narrower range of growth 
classes than the c ombined Australian isolates. 
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4.3.4 Variation in sporulation 
The mean numbers of sporangia per microscope field, produced 
under uxcmic Emd non-sterile conditions by £:.· cinnamomi isolate 71- 44S 
a nd the single zoospore derivatives 445- 5 , 445-1 1 a nd 445-8 , are 
shown in Table 4.2 . 
TABLE 4 . 2 Variation in sporulation of£:.· cinnamomi isolate 
and single zoospore derivatives 
Primary Derivative isolates Conditions isolates 
71- 445 445-5 445-8 445-11 
Axenic 1 . 2a ( 0 . 75) b 5 .8 ( 1. 72) 3. 7 ( 1 .84 ) 1. 9 ( 0. 94) 
Non-sterile 10 . 2 ( 1. 78) 117 . 7 (33.9) 25.6 (4. 78 ) 1G.6 ( 2 .03) Soil extract 
Growth rate 8.9 7.4 8.9 4.8 0 
at 25 Con CMA 
(mm/24 hrs) I 
a Mean no. sporangia in focus per 200 x microscope field 
b Standard deviation 
There was considerable variation in abundance of sporulation 
between isolates . In both axenic a nd non-ster ile conditions isolate 
445- 5 produced the largest number of sporangia and Bdch of the single 
zoospore derivatives produced larger numbers ~f sporangia than the 
primary isolate . However significantly greater sporulation was only 
found for isolates 445-5 and 445- 8. There was no obvious correlation 
between sporulation and growth rate of the isolates (Table 4 . 2) . 
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4.4 DISCUSSION 
4.4.1 Mating type and variation in P. cinnamomi 
The A1 mating type of.!:· cinnamomi appears to be absent from 
tho local population of the fungus, or present at levels too low for 
dcLccl ion by 1upin ba.iting. It is unlikoly that the apparent absence 
of the A1 type was due to differential selectivity of the isolation 
technique, as up to 44% of P. cinnamomi isolates obtained from a coastal 
area in northern N.S.W. using a similar technique were found to be 
the A1 type, (B.H. Pratt, pers. comm.). Moreover, A1 isolates have 
been obtained using lupin baiting from Western Australia, Queensland and 
other areas of N. S. W. (Pratt ~ ~., 1972b), and Shepherd ~ ~. ( 1974) 
have reported a close physiological similarity between A1 and A2 mating 
type isolates from Australia. 
The appo.ren t absence of the A 1 mating typG of the fungus 
does not necessarily imply that oospore production does not occur in 
Black Mountain soils. A Trichoderma sp., capable of stimulating 
oospore production in A2 isolates off. cinnamomi, was isolated from 
Black Mountain soil (Chapter 3, Experiment 2). Assuming that the 
fungal mycelium is commonly heterokaryotic (vide infra), oospore 
production by a single mating type may have significance in preserving 
and creating genetic variability in.!:· cinnamomi. However evidence 
for the function of sexual organs of P. cinnamomi is lacking, largely 
because of practical difficulties occasioned by the irregular and 
infrequent germination of oospores (Gallegly , 1970; Zentmycr c:.md Erw .in, 
1970) . 
In Section 4 .3. 2 and 4.3.3 variation in growth rates of 
primary isolates of the fungus from Black Mountain was shown to be less 
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than in isolates from other parts of Australia. However the variation 
in growth rate of single zoospore derivatives showed that considerable 
potential for variation existed. This is consistent with the data 
of Shepherd and Pratt (1974), who accounted for these and other 
phenomena by postulating the occurrence of heterokaryosis in the fungus. 
Assuming that heterokaryosis is a common occurrence in mycelium of 
P. cinnamomi , the bimodal distribution of single zoospore derivative 
isolates from isolate 71-445 suggests that the primary isolate contained 
a predominance of two discrete nuclear types with respect to factors 
determining growth rate. The distribution of growth rates of single 
zoospore derivatives below the means of the parent cultures rather 
than around or above them is consistent with an hypothesis that nuclear 
interaction or heterosis has accurred in the primary isolates. 
It is evident that there is potential for considerable 
variation in sporulation of isolates of P. cinnamomi. Since single 
zoospore isolates produced either as many or significantly more 
sporangia than the parent culture regardless of whether the former 
were slower or faster growing , it would appear that abundance of 
sporulation is governed by factors other than those determining growth 
rate an d that there is no obvious linkage between these groups of factors. 
The wide range encountered in abundance of sporulation could also be 
accounted for by assuming the existence of heterokaryotic fungal types 
for sporulation, but this has not yet been determined. 
The occurrence of heterokaryosis in th e fungus is significant 
in that it represents a possible means of generating and preserving 
variability . Mutations may be preserved in a heterokaryotic mycelium. 
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Hnwovcr, since zoospores are mostly mononucleate (Shepherd and Pratt, 
'I CJ'JIJ), U18 hctcrukoryon would be broken up when zoospore formation 
ocr-=urrcd (Roper , 196G; Shepherd and Pratt, 1974). Some mutations 
might be retained in the genome in hetero-zygotes following sexua l or 
parasexual recombination. However there is no evidence for the 
occurrence of parasexuality in E· cinnamomi, or indeed in the Phy-
comycetes (Tinline and Mac Neill, 1969). The question of ploidy in the 
fungus is not yet resolved, but there have been suggestions that it is 
diploid (Sansome, 1965; Galindo and Zentmyer, 1967; Chang, Shepherd and 
Pratt, 1974). In a diploid fungus, recombination through mitotic 
crossing over or non-disjunction may occur (Gallegly , 1970; Tinl i nc ,_i ncl 
Mac Ne ill, 1969). However the frequ ency of such occurrGnces for this 
fungus is unknown, nor can it be -approximated from work on other fung i , 
as this is based on transient diploidisation of normally hapluid 
organisms (c.f. Tinline and MacNeill, 1969; Caten and Jinks, 1968). 
The occurrence of heterokaryosis int• cinnamomi may have 
important implications affecting studies on aspects of fungal behaviour 
other than variation per.§.£, as follows. 
1. As zoospores are mostly mononucleate (Shepherd a nd Pratt, 
1974), different heterokaryotic types may be formed when several zoospores 
of various nuclear types infect the same host root . Thus isolates 
obtained by baiting methods may have differe nt proportions and types 
of nuclei to the mycelium originally present _in the soil or root s a mple , 
and these isolates may also vary amongst themselves. The use of 
different isolation methods for the same sample might yield isol a t e s 
of the fungus showing differences of behaviour. The extrapolation 
of data from laboratory experiments using isolates obtained by baiting 
becomes more difficul t because of the possibility of changed nuclear 
composition of the fungus in the field. 
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2. Different hctGrokaryotic types may have selective advantages 
in various environments. Heterokaryosis could be one of the factors 
allowing the adaptability of P. cinnamomi to a wide range of habitats 
and host plants (Crandall and Gravatt, 1967 a, b). 
3. The genotype and hence phenotypic characteristics of cultures 
stored on agar media may change with time as nuclear ratios change. 
4. Assuming that heterokaryotic type also influences pathogenicity, 
this may account for non-reproducible results such as those obtained 
by Bertus (1968) in pathogenicity tests with P. cinnamomi. 
4.4.2 Comparison of isolates from regional populations of P. cinnamomi 
Considerable differences were found in the growth distributions 
of isolates from different regions of Australia. However interpretation 
of these differences is difficult. Isolate collections from the 
same general area differed significantly in growth distribution (e.g. 
Black Mountain and A.C.T.) whereas othPrs from widely separated areas 
did not (e.g. Black Mountain and Queensland, Black Mountain and southern 
N.S.W.). These differences may be the result of different sampling 
patterns, sampling of different habitats, or genetic differences. 
Nevertheless the large differences in the growth distributions of 
isolates between Western Australia and other regions encourage speculation 
that researchers investigating jarrah dieback are working with a 
population of the fungus furidamentally different from those occurring 
in other states. Similarly, the isolates from central N.S.W. 
(Ourimbah) are clearly drawn from a population which differs from thos e 
of the other areas. 
~.4.J Relationship of variation in P. cinnamomi to its ecology on 
Black Mountain 
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There have been numerous opportunities for the introduction 
of various types or strains of E· cinnamomi to Black Mountain in soil 
and plant roots from many parts of Australia (Chapter 2). For example 
A1 and A2 mating types of P. cinnamomi could have been introduced to 
the Botanic Gardens in soil transported from areas near Jervis Bay 
where both mating types are known to occur (B.H. Pratt, pers. comm.). 
The apparent absence of the A1 mating type on Black Mountain suggests 
that either such transport of the fungus has not occurred, or tha t 
environmental factors on Black Mountain have been selective against 
the establishment of the A1 type. Similarly, the restricted variation 
in primary isolates from Black Mountain and the considerable potential 
for variation as estimated in studies on single zoospore derivatives 
indicate that factors in the local environment have been selective 
against very slow or fast-growing types. Possibly the environment 
has also been equally selective to characters other than growth rate. 
PART B 
STUDIES ON THE WATER RELATIONS 
OF PHYTOPHTHORA CINNAMOMI 
---------- -----
CHAPTER 5 
THE EFFECT OF OSMOTIC RJTENTIAL ON GROWTH 
OF P. CINNAMOMI 
5. 1 INTRODUCTION 
The role of water as a physical factor in the ecology of 
soil fungi has been reviewed by Griffin (1963, 1969, 1972) and 
Cook and Papendick (1970, 1972). Only the aspects which place the 
present work in context require further discussion. 
The biologically most important soil physical factors have 
been defined as temperature, texture, structure, water, aeration, 
light and a complex of physico-chemical factors (Griffin, 1969). 
Individual factors may affect microorganisms directly on indirectly 
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and must be considered in relation to associated factors. In the case 
of water it is often difficult to separate the effects of water from 
associated factors, even in simple experimental systems (Griffin, 1969). 
5.1.1 Basic principles 
The status of water in soil may be described in terms 
of potential energy. Physical forces associated with interfaces 
between water, the particulate soil matrix and the soil atmosphere 
tend to hold water in the soil (i.e. capillarity). Water thus held 
has a lower potential energy relative to free water. The potential 
energy of water may also be decreased by solutes. In either case , an 
organism must have the capacity to do work relative to the potential 
energy of water in order to absorb it. 
...... 
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In this thesis the terminology used by Griffin (1972) 
has been adopted. The term matric potential refers to the decrease 
in potential energy of water due to physical forces in the soil matrix 
and osmotic potential refers to the decrease in potential energy due to 
dissolved substances. The water potential in a system is the sum of 
the osmotic and matric potentials . Because of dimensional equivalence 
in the special case of water, potential energy and pressure have the 
same magnitude and sign. 
is the bar , 
-
The unit used in the following chapters 
where 1 bar = 1022 cm water ~ 1 atmosphere. 
Occasional reference is made to soil pF, where: 
pF x = 10x cm water. 
Theoretically, potential is the same whether due to matric 
forces or solutes. Thus similar behaviour of microorganisms might be 
expected in experimental systems where the potential is controlled by 
either method. However in a given soil, water content varies with 
matric potential and factors associated with water content (P.J . solute 
diffusion, aeration) may influence the behaviour of an organism in 
matric systems, while solute toxicity, mobility of particular solutes 
across cell membranes and nutritional factors may vary with potential 
in osmotic systems, sometimes leading to discrepancies when results from 
the two systems are compared (Griffin, 1972). 
Griffin (1972) considers that methods in which the organism 
is in direct contact with a controlling solute (i.e. osmotic control) 
are capable of the greatest accuracy in investigating the effcicts of 
potential per~' providing that ~Jpocific solt1b; cff'r~r.ts nrr, rninirnir,r,rJ. 
5.1.2 Water relations of P. cinnamomi 
Although the frequent association of P. cinnamomi-induced 
disease with wet soils has been discussed previously (Chapter 3), 
the role of water potential per~ in disease development has not 
been evaluated. 
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The only physiological phase of E· cinnamomi which has been 
studied in relation to potential is that of vegetative growth. Radial 
growth of the fungus was maximal on agar media at osmotic potentials 
between -5 and -15 bar, and apparently ceased in the range -45 to 
-50 bar (Sommers~ al., 1970). Adebayo and Harris (1971) obtained 
similar results in sterile soils amended with controlling solutions, 
but found that growth apparently ceased at higher potentials (-25 to 
-35 bar) in a matric-controlled system. These results indicate 
that while growth of P. cinnamomi is optimal at potentials which would 
favour growth of the host plant, the fungus is capable of growth at 
potentials corresponding to drought conditions for the host. Never-
theless the validity of directly applying the above dato to the situation 
in Australian forests is questionable. 
Sommers et al.,(1970) and Adebayo and Horris (1971) apparently 
studied a single isolate of E· cinnamomi. Thus ther8 is no information 
on variation in water relations within the species. Further, the 
growth rates off· cinnamomi quoted by the above authors (up to 15 
mm/24 hrs) are considerably faster than those recorded for most 
Australian isolates on gquivalent media (vide infra). Therefore 
studies were made to determine the effects of potential un rudial 
growth and dry matter production in Australian isolates of P. . . c innarnorni. 
I 
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5 . 2 . 1 Methods and materials 
(a) Media. A synthetic basal medium (BM) of potential -1.2 bar 
and a VB juice medium (VB) of potential -2.5 bar were used (Sommers 
et al. , 1970; Append ix F). Control of osmotic potential was 
achieved by adding appropriate quantities of KCL, sucrose or a mixture 
of NaCl, KCl and anhydrous Na2so4 to the media prior to autoclaving. 
In preliminary experiments the added amounts of each solute were the 
same as used by Sommers et al., (1970) (Appendix F, Table 1). For 
--
later experiments, interpolation in the data of Robinson and Stokes 
(1959) and Scott (1953) was used to calculate a range of molal con-
centrations of the above solutes corresponding to osmotic potentials 
which, when added to the potential of the medium, gave potentials at 
- 5 bar intervals between -5 and -55 bar (Appendix F, Tables 2, 3). 
Media were autoclaved in 500 ml flasks at 15 psi for 20 min 
then cooled and dispensed into sterile plastic petri dishes to give 
agar films of 5 mm thickness. The dishes were set aside for 24 hrs 
0 
at 24 C, to allow evaporation of condensed moisture on the lids. 
(b) Preparation of inoculum and measurement of radial growth 
rate. Inoculum plugs of 6 mm diameter were cut from near the edge 
of seven day old cultures of P. cinnamomi on the unamended media, and 
placed in the centre of each plate with the upper surface of the colony 
in contact with the new agar. The inoculated plates were incubated 
at 24° + 1°c for four days. Rd" 1 th t d a ia grow measuremen s were ma e 
at 48, 72 and 96 hrs using the methods of Shepherd and Pratt (1974). 
(c) Statistical treatment of data. The data obtained were 
cm, 11 ysC'd to discern treatment effects using analysis of variance. 
In one experiment, curves of the form: 
bx 2 dx3 4 y = a + + ex + + ex 
where y = growth rate (mm/24 hrs) 
X = potential (bar) 
and a, b, c, d, e are arbitrary constants, were fitted to the 
treatment means using orthogonal polynomials. 
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5.2.2 The effect of osmotic potential, growth medium and solute 
Several experiments were conducted to determine the growth 
responses of Australian isolates of.!:.• cinnamomi to osmotic potential, 
using different media and solutes. Each experiment gave similar 
results. Therefore, details of only one experiment are presented in 
this Chapter and the remainder are described in Appendix F. 
Experiment 1d: The growth of two isolates (71-445 and 71-457, 
Black Mountain) on BM amended with KCl, sucrose on a mixture of NaCl, 
KCl and Na2so4 (Appendix F, Table 2), and on VB amended with KCl 
(Appendix F, Table 3) was measured in five replicate plates per treat-
ment, at potentials between -5 and -45 bar. 
Results: On BM, growth of each isolate was maximal in the 
range -5 to -15 bar potential, regardless of the solute used (Fig. 5.1, 
5 .2), then declined with decreasing potential until growth apparently 
ceased in the range of potentials -40 to -50 bar. 
Significant differences (P.C:::0.01) in growth were found 
between potentials and between solutes. However differences between 
solutes were small by comparison with differences between potentials 
and appeared to reflect the sharp decline in growth below -10 bar in the 
sucrose treatments (Fig. 5.1, 5.2), indicating that specific ion effects 
account for only a small part of the decline in radial growth r ate. 
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No significant difference was found between isolates growing 
on BM when the solute treatments were analysed together. However 
significant differences in growth occurred between isolates within 
particular solute treatments (e.g. salts, P~0.01 and sucrose, P< 0.05). 
On KCl amended VB medium, optimal growth occurred in the range 
-10 to -20 bar potential (Fig. 5.3), but growth of each isolate was 
slower than in KCl amended BM. However, at potentials below -30 bar 
the growth rate of each isolate was significantly higher than on BM, 
(P~0.05) and growth extinction in VB medium would have occurred at a 
lower potential. Small but significant differences were found 
between isolates growing on VB medium ( P< D. 05). 
There was. significant interaction between isolates, solutes 
and potentials (P<0.01). 
5.2.3 Effect of time in culture on the growth response of P. cinnamomi 
to osmotic potential 
In previous experiments (5.2.2; Appendix F) the growth 
trends of particular isolates were consistent arid within treatment 
variation was small. However it was considered that changes in 
phenotypic characteristics of isolates in culture were likely to occur 
with time (c.f. Chapter 4). To investigate this possibility in 
regard to growth response of an isolate to osmotic potential, a culture 
of isolate 71-445 was maintained on malt/beef extract agar slopes 
for 13 months. Subcultures of the isolate were made at intervals and 
the growth rate of the isolate was measured in BM, using KCl (Appendix 
F, Table 2) to control the potential. 
TABLE 5.1 
Time since 
Isolation 
(wee ks) -5 -10 
12 9.28 9.47 
34 8.79 8.86 
37 8.27 9.65 
62 9.47 9.32 
I 
Mean 8.95 9.33 
Stand2rd 0.27 D. 17 
error 
Growth response off· cinnamomi isolate 71- 445 to osmotic 
potential - variation with time in culture 
OSMOTIC POTENTIAL (bars) 
-15 -20 -25 -30 -35 
8.83 6.37 4.78 3.43 1. 70 
8.45 7.60 5.89 3.86 2.35 
9.43 8.45 6.40 4.88 2.67 
8. 10 6. 18 4.25 3. 13 2. 13 
8.70 7. 15 5.33 3.83 2.21 
0.28 0.54 0.49 0.38 0.20 
-40 
NM 
NM 
NM 
1 .42 
(D 
u 
8 1 
Results: Changes in growth rate occurred at particular 
potentials (Table 5.1) but there was no consistent increase or decrease 
in growth rate with increasing time in culture. There was significant 
interaction between potential and the time of assessment of growth 
response (P~0.01), but the changes in growth response between trials 
were not significant. 
5 . 2.4 Variation in P. cinnamomi isolates and comparative behaviour 
of A1 and A2 mating types 
(a) Variation among single-zoospore derivatives. In previous 
experiments, small but significant differences in growth rate were 
found between isolates growing at equivalent potentials. It was 
considered that investigations on the variation among single-zoospore 
derivatives of a P. cinnamomi isolate would indicate part of the pos-
sible range of variation in the fungus (c.f. Chapter 4) . 
Several single-zoospore derivatives were obtained from 
P . cinnamomi isolate 71-445 (Chapter 4) using the methods of Shepherd 
and Pratt (1974) . The growth rates of 8 randomly selected isolates 
were measured on BM using KCl (Appendix F, Table 2) to control osmotic 
potential. Five replicates were measured for each derivative isolate 
at each potential. 
Results : Significant differences in growth occurred 
between single-zoospore derivatives (P<0.01) and variation was 
greatest at potentials above -20 bar (Tabl e 5 . 2 ). However this 
largely reflected the growth rate differences between isolates a s 
determined on another medium (Table 5 .2). 
Faster growing derivatives behaved similarly to the primary 
isolate 71-445. Slower growing derivatives were more variable, hav ing 
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;' - C.'15 
CC::- 1 2 
CCS- 9 
CC5-10 
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CCS- 19 
CC.:: - 15 
C.l'.!.5-13 . 
41'.'.!.5- 6 
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DsTivative ~*" 
:=s'.Jlates 
S-: s n d 2rd .,~~-
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TABLE 5 . 2 
Growt h Rate 
on Cornmea l 
Aqar 1~ 
- 1. 2 
8 . 9 
5 .4 
8 . 1 
4 .8 
4.8 
8 . 1 
8 . 0 
8 .6 
7 .7 
I 
6 . 9 
0.6 
0 
* at 25 C 
8 .0 
5. 5 
8.6 
4. 5 
5.7 
8 .0 
9. 1 
NM 
NM 
6 . 9 
0 .8 
Growt h response to osmotic potential of single- z oospore 
der ivatives of i sola te 7 1-445 . 
OSMOTIC RJTENTIAL (bar s) 
- 5 -10 -15 -20 -25 - 30 
8 .8 8 .9 8. 5 7.6 5 .9 3 . 9 
5 .0 6 . 1 6. 5 5 .6 4.3 3. 1 
9 .3 9.3 8.8 7.0 4.4 3.2 
4 .0 4. 1 3.7 3.2 2. 9 2 .2 
6 .0 5 .7 6.2 6.2 4.4 3.4 
9 . 1 9 .4 9.3 7.4 4. 5 3. 5 
9 . 1 9 .5 9.2 7.3 4.8 3. 0 
9 . 1 9 .4 8. 5 6.8 4. 5 3.0 
6 . 9 8 .3 7. 6 6.0 3. 6 3 .0 
7 . 3 7 .7 7 .5 6 . 1 4 . 2 3 . 1 
0 .8 0 .8 0 .7 0 .5 0 . 2 0 . 1 
NM= Not Measured 
-lH*" Isolates treated as "replicates" 
- 35 
2 .4 
1 . 1 
1 . 7 
1 . 1 
2 . 1 
1. 9 
1 .6 
1 . 6 
2 . 2 
1 . 7 
0 . 1 
Cil 
f\j 
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optima at different potentials on indeterminate optima. The growth 
rates of single zoospore derivatives ranged above and below that of 
the primary isolate at potentials above -15 bar, but were consistently 
less than the original isolate at lower potentials. The variation 
between derivatives decreased progressively with reduced potential 
below -15 bar (Table 5.2). 
By extrapolation, the range of potentials for growth ex-
tinction appeared to be -37 to -55 bar. 
(b) Comparative behaviour of A1 and A2 mating types. 
Previous reports on the water relations of P. cinnamomi have been 
deficient, as they have not indicated the mating type of the isola t e s 
examined. Thus a comparative study was made of the effect of potential 
on A1 and A2 isolates of P. . . cinnamomi. The details and results of this 
study are given in Appendix F. 
There was no significant difference in growth response to 
decreasing potential between mating types. Collectively, the A1 
isolates behaved similarly to the single-zoospore derivatives of the 
A2 isolates examined previously (Appendix F). 
5.3 EFFECT OF OSMOTIC POTENTIAL ON DRY MATTER PRODUCTION IN 
P. CINNAMOMI 
To determine the effects of osmotic potential on dry matter 
production and its relationship with radial growth rate of the fungus , 
experiments were conducted on the growth of an isolate of P. cinnamomi 
in liquid culture . 
'I 
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5.3.1 Methods and materials 
(a) Medium. The medium was similar to the VB medium used 
previously (Appendix F), but with the agar omitted. It was assumed 
that omission of the agar made negligible difference to the potential . 
Control of potential was achieved by the addition of KCl (Append ix F, 
Table 3) to the medium prior to autoclaving. The liquid VB medium 
was autoclaved as in previous experiments (5.2. 1), then cooled and 
dispensed into sterile plastic petri dishes, 25 ml per dish. 
(b) Inoculation. Inoculum plugs of 6 mm diameter were 
removed from near the edge of six day old cultures of the fungus 
growing on solid VB medium. One plug was submerged in each of ten 
replicate dishes per treatment and the dishes were incubated at 25°C 
for three days. Ten additional inoculum plugs were oven-dried at 
105°c and weighed to determine the initial weight of inoculum. 
(c) Measurement of growth. Radial growth measurements were 
made at 24 hrs and 72 hrs after inoculation, without disturbing the 
dishes, using a 10 cm strip of clear plastic with aligned 1 mm 
graduations on the upper and lower surfaces to e liminate para llax 
errors. The mycelium was then recovered by filtering, washed twice 
with distilled water and dried at 105°c. The dry weight of each 
mycelial mat was determined, using the mean inoculum weight as a 
correction factor. 
5 .3.2 Results 
The radial growth rate of E· cinnamomi isolate 71-445 in 
liquid and solid VB medium showed similar trends (Fig. 5.4), with 
maximum growth occurring between -10 and -20 bar and declining a t 
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lower potentials. However growth in liquid VB medium tended t o be 
lower than on VB agar and colonies in liquid VB appeared to be 
considerably more dense than those in VB agar. 
Dry matter production was greatest between -5 and -10 bar 
(Fig. 5.5) with a pronounced decrease between -10 and -25 bar. 
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Dry matter production and radial growth rate were less than 
5rY/o of maximum at -20 bar and -35 bar respectively, and the range of 
potentials for optimum dry matter production was smaller than for 
radial growth (Fig. 5.5). 
5 .4 DISCUSSION 
5.4.1 Radial growth 
Experiments on the effects of osmotic potential on radial 
growth off· cinnamomi yielded results which were broadly similar to 
those of Sommers~ al., (1970) and Adebayo and Harris (1971), i. e . 
maximum growth and cessation of growth occurred in similar ranges of 
potentials. However Sommers~~-, (1970) reported maximum growth 
rates of approximately 12 mm/24 hrs and 16 mm/24 hrs on BM and VB 
medium respectively (solute, KCl), whereas the maximum growth r a tes 
of Australian isolates under similar conditions did not exceed 10 mm/ 
24 hrs and growth on VB medium was slower at potentials above - 20 bar 
than on BM (5.2.2). Moreover, there was no apparent stimulation of 
-
growth of the Australian isolates when microse was used to control 
potential. 
No evidence for change in the growth responses of an isola te 
to osmotic potential was found when it was used in experime nt s at 
88 
different times after isolation (5.2.3). Sommers~ al ., (1970) 
reported greater variation in growth between experiments than between 
replicates in single experiments, attributing this to variation 
between plates of inoculum. However the observed variation could 
alternatively have been due to differences between bottles of medium. 
The large variation in growth response of single zoospore 
derivatives of an isolate of~- cinnamomi to osmotic potential (5.2.4) 
indicates that there is a considerable capacity for variation in the 
species. However the expression of this variation in the field would 
be determined by selective pressures in the environment. The pro-
gressive decrease in variation between single zoospore derivatives with 
decreasing potential (5.2.4) may have significance as an indication 
that growth at low potentials is determined by a different complex 
of factors to those controlling gruwth at high potentials. 
The statistically significant treatment interaction found 
in several experiments (5.2.2, 5.2.3; Appendix F) indicates that the 
medium , or the growth rate tendencies of particular isolates, together 
with potential had different effects on growth than if they had acted 
independently (c.f. Sokal and Rohlf, 1970). These interactions were 
apparently expressed in the crossing over of fungal growth response 
curves for different media, solutes or isolates, a nd in the convergence 
in the growth rates of different isolates at low potentials . The 
underlying mechanisms of these interactions are unknown as the effects 
of potential or particular physiological factors in the complex of 
processes which determine growth rate are poorly understood. 
....... 
'I 
~ 
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The data of Wilson (1973) indicates that the respiratory 
efficiency of fungi may decrease with decreasing potential. Thus 
part of the growth response of.!:· cinnamomi to potential could be due 
to decreasing amounts of energy available for cell wall and protoplasm 
synthesis. Under these circumstances a statistically significant 
treatment interaction between media and potential would reflect real 
interaction of these factors. 
5 .4.2 Dry matter production and radial growth in liquid culture 
I 
There were obvious limitations to dry matter production 
by.!:· cinnamomi in petri dishes, particularly limited aeration and 
restriction of growth by the shape and size of the vessel. Neverthe-
less there was sufficient nutrient in the VB medium to allow continued 
growth during the experiment and aeration in the dishes would have 
been better than in deeper culture vessels. The advantage of the 
system was that both radial growth and dry weight measurements could 
be made in the same fungal colonies. 
Radial growth rate and the rate of dry matter production by 
a fungus do not necessarily follow the same trends in response to 
changing cultural conditions (Trinci, 1969) and each has distinct 
ecological significance. Whereas radial growth rate may be correlated 
with the rate of colonisation of a substrate, the rate of dry matter 
production is more likely to be associated with respiration or 
protoplason synthesis and thus with the rate -of utilisation of a 
substrate. As radial growth and dry matter production were less than 
5rY/o of their maxima at -35 and -20 bar respectively, it is apparent 
that dry matter production was more sensitive than radial growth to 
90 
decreasing potential, at least in the range -10 to - 25 bar . This 
implies that large changes in colony density occur with decreasing 
potential. If there was a similar differential response of the fungus 
in a host root, osmotic potentials as low as -20 bar might not 
greatly affect the rate of advance of P. cinnamomi within it but 
could limit the rate of root breakdown. 
5 .4.3 Effect of potential on growth of P. cinnamomi in soil 
In most non- saline soils, matric potential is the most 
important component of the soil water potential. While potential 
is theoretically the same whether due to matric or osmotic effects, 
in practice the response of some organisms to each differs, apparently 
because of correlated changes in factors such as solute diffusion in 
matric-controlled systems (Cook ~t al., 1972; Griffin, 1972). 
--
Thus 
Adebayo and Harris (1971) found that growth of P. cinnamomi was more 
sensitive to reductions in matric potential than to osmotic potential, 
and concluded that the differential response of the fungus was due 
to reduced solute tranpport in the matric system. Since the osmotic 
potentials for optimum growth and growth extinction of the isolates 
examined in this study were broadly similar to those reported by the 
above authors and Sommers et al., (1970), it seems reasonable to 
--
suggest that growth of Black Mountain isolates also would be more sensi-
tive to matric than to osmotic potentials, i.e. growth would cease in 
the range -25 to -35 bar matric potential. 
....... 
CHAPTER 6 
THE EFFECT OF OSMOTIC POTENTIAL ON CHLAMYDOSPORE 
PRODUCTION Af\D GERMINATION OF ZOOSPORES AND 
CHLAMYDOSPORES OF P. CINNAMOMI 
6.1 INTRODUCTION 
91 
Water potential may affect each morphological and physiological 
phase of a soil fungus (Griffin, 1972). Zoospores of P. cinnamomi 
-
are considered to be important agents of dispersal and root infection 
(Chapter 3) and chlamydospores may be significant survival structures 
for the fungus (Zentmyer and Mircetich, 1966 a, b). No reports have 
been published on the effects of osmotic potential on the production 
and germination of spore forms of£:.· cinnamomi_. To obtain this 
information, the effect of osmotic potential on germination of zoospores 
and on production and germination of chlamydospores in agar was studied . 
6.2 EFFECT OF OSMOTIC POTENTIAL ON CHLAMYDOSPORE PRODUCTION 
BY P. CINNAMOMI 
Two experiments were conducted to evaluate the effects of 
potential on production of chlamydospores by P. cinnamomi in pure 
culture. 
6 .2. 1 Methods 
(a) Media. As observations in previous experiments on growth 
(Chapter 5) had shown that few clamydospores were produced in BM agar, 
VB agar (Appendix F) was used. The medium was prepared and controlling 
solutes were added as described previously (Chapter 5 ). 
(b) Inoculation. 
described in Chapter 5. 
Plates were inoculated using the methods 
(c) Experimental procedure. 
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Experiment 1. To evaluate the effect of potential on the period 
required by the fungus to form chlamydospores, VB agar plates amended 
with KCl (Appendix F, Table 1) were inoculated with P. cinnamomi 
isolates 71-469, 71-445 (Black Mountain) and 6078 (south coast, N.S.W.), 
using five replicate plates for each isolate at each potential. 
Additional series of plates amended with sucrose and the salts mixture 
(Appendix F, Table 1) were inoculated with isolate 71- 469. The plates 
0 
wer e incubated at 25 C for 14 days a nd examined daily under 100 x 
magnification for chlamydospores. The diameter of each colony was 
measured on the day that chlamydospores were first observed. 
Experiment 2. To quantitatively evaluate the effect of potential 
on chlamydospore production, KCl-amended VB plates (Appendix F, Table 3) 
were inoculated with P. cinnamomi isolates 71-445 and 71-457 and the 
abundance of chlamydospores was assessed at fo ur days after incubation 
at 25°C. Chlamydospores were counted in each of 20 microscope fields 
at 100 x magnification (field size, 5.3 2 mm) for each petri dish. 
Since they were irregularly distributed in depth, all chlamydospores 
in the cylinder of agar encompassed by the microscope field were 
counted by focussing down through the medium. The mean number of 
chlamydospores per microscope field was calculated for each replicate 
plate. 
6.2 . 2 Results 
Experiment 1. Between - 2 .5 bar and - 16.3 bar potential, 
chlamydospore production by each isolate occurred in two days (Table 6 . 1). 
I 
At -30.3 bar isolates 71-445 and 6078 produced chlamydospores in 
three days while isolate 71-469 did not produce chlamydospores until 
the fourth day. 
TABLE 6. 1 
Osmotic 
Effect of osmotic potential on the time in 
days between inoculation of plates and appearance 
of chlamydospores. Colony diameters ( mm ) in 
parentheses. 
71-469 71-445 6078 
potential Sucrose Salts KCl KCl KCl 
-2.5* 2 (24) 2 (24) 2 (24) 2 (28) 2 (25) 
-9.4 2 (28) 2 (27) 2 (25) 2 ( 31) 2 (30) 
-16.3 2 (25) 2 (23) 2 (24) 2 (33) 2 (30) 
-30.3 4 (28) 4 (24) 4 (28) 3 (32) 3 ( 31) 
-37.4 -~14 , (29)+ >14 (29) >14 (33) ;,,14 ( 45) )14 (44) 
* Unamended medium + Colony diameter at 14 days 
No chlamydospore was produced by any isolate at -37. 4 bar, 
even after 14 days. 
The colony diameter at which chlamydospore production 
occurred varied little between potentials in the range -2.5 to -30.3 
bar ( Table 6. 1). The diameter of colonies growing at -37.4 bar for 
14 days exceeded the diameters at which chlamydospore production 
occurred at higher potentials. 
No differences in the number of days for chlamydospore 
production at each potential were found between solutes (Table 6 . 1). 
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Experiment 2. The number of chlamydospores produced by 
isolates 71-445 and 71-457 after 4 days incubation decreased with 
decreasing potential. (Expt. 2, Fig. 6.1). There was a large 
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decrease in chlamydospore production by isolate 71-457 at potentials 
between -5 and -10 bar, whereas isolate 71-445 was unaffected in this 
range. However at lower potentials the response of each isolate 
was similar (Fig. 6.1). 
Chlamydospore production was zero at -35 bar. 
6.3 EFFECT OF OSMOTIC POTENTIAL ON SPORE GERMINATION 
6 .3. 1 Methods 
(a) Media. Basal medium (BM; Appendix F) was used in eac h 
experiment on germination. Control of osmotic potentia l was achieved 
as described previously (Chapter 5). 
(b) Preparation of spore suspensions. 
Zoospores. Sporangia and liberated zoospores of P. cinnamomi 
were produced axenically using the methods of Chen and Zentmyer (1970). 
Chlamydospores. Colonies of P. cinnamomi were grown in liquid 
VB medium (Appendix F) for seven days at 24°C and the VB medium was 
then replaced with sterile water. After further incubation for seven 
days the mycelium, which contained abundant chlamydospores, was 
treated with a high speed "Virtis" blender for 20 sec to free 
chlamydospores from the hyphae. The suspensfon was then filtered 
through sterile 104 u polyester mesh ("Simon" P.E. 104) to remove 
longer hyphal fragments. Although quantities of smaller hyphal 
fragments passed through the mesh with the chlamydospores, these did 
not grow when the suspension was later applied to the agar plates. 
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To induce encystment of zoospores and to concentrate suspensions 
of either zoospores or chlamydospores , the suspensions were centrifuged 
at 1300 u.c.f. for 15 minutes, the supernatant was drawn off, and the 
spores were then resuspended in sterile water. The concentrated 
suspensions were transferred to the reservoir of a sterile De Vilbis 
atomiser in readiness for immediate inoculation of plates. 
(c) Inoculation of plates and estimation of germination. 
Spore suspensions were sprayed onto osmotic agar plates in a random 
sequence of treatments and replicates , using a De Vilbis atomiser. 
The number of spray impulses per plate was standardised, with the 
plates held approximately 30 cm from the nozzle and perpendicular to 
the spray. The atomiser was shaken vigorously between impulses to 
keep the spores in suspension. In this way droplets of suspension 
were scattered evenly over the plates, the mean spore density in 
replicate plates ranging from 20 to 29 spores per 200 x microscope 
field for zoospores and from 10 to 21 spores per 100 x microscope field 
for chlamydospores. 
The inoculated petri dishes were incubated at 24 ± 1°c. 
Zoospore germination was assessed at 12 hrs after incubation started 
while chlamydospore germination was assessed at 24 hrs and 48 hrs. 
The plates were flooded with lactophenol cotton blue to kill and stain 
the spores, eliminating errors due to spore germination during the 
counting process. The plates were examined uoder 200 x and 100 x 
magnification for zoospores and chlamydospores respectively in a series 
of parallel traverses, and the number of germinated spores in at least 
200 spores per plate was noted. If the total of 200 was reached before 
( 
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all the spores in a field of view were counted, the remainder were 
also counted to avoid bias in estimating per cent germination . 
Germination was recognised as the emergence of one or more germ tubes 
from the spore, regardless of length. Hyphal swellings and spores 
devoid of or containing shrivelled cytoplasm were not counted. 
6 .3.2 Effect of osmotic potential on germination of zoospores 
Two experiments were conducted to evaluate the effect of 
potential on germination of encysted zoospores on BM. In Experiment 
3 , KCl and a mixture of salts were used to control the potential 
(Appendix F , Table 1) while in Experiment 4, KCl and sucrose were used 
as solutes ( Appendix F , Table 1). Germination was assessed in five 
replicate plates per treatment . 
Results. The results are shown in Figures 62a (Exper iment 3) 
and 6.2b (Experiment 4). The proportion of germinated zoospores 
declined with decreasing potential until no germination was evident 
at - 29 to - 36 bar in each solute except sucrose . 
Germination was much greater in the sucrose treatment than 
in the KCl treatment at equivalent potentials below -8.1 bar 
( Fig . 6.2b), being relatively unaffected by potential until -36.1 bar. 
Although zoospore germination followed similar trends in 
each experiment with KCl as solute (Figs. 6.2a, b), there was a sharper 
decline in germination between -8.1 and -15.0 bar in Experiment 4 
(Fig . 6 .2b) than in Experiment 3 (Fig. 6.2a}. 
6 .3.3 Effect of osmotic potential on germination of chlamydospores 
Two experiments were conducted to evaluate the effect of 
osmotic potential on germination of chlamydospores of P. cinnamomi 
isolates . 
I 
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Experiment 5 . Chlamydospore germination was assessed after 
24 hrs and 48 hrs incubation in a duplicated series of ten replicate 
plates, with KCl and the salts mixture (Appendix F, Table 2) as solutes. 
Experiment 6. To obtain information on variation in the 
chlamydospore germination response to potential, three single-zoospore 
derivatives were obtained from~- cinnamomi i~olate 71-445 (Chapter 4) 
and the effect of potential on chlamydospore germination after 24 hrs 
incubation assessed for each, using KCl (Appendix F, Table 2) as solute, 
with ten replicate plates for each isolate. 
In each experiment, the data were transformed and analysed 
by the procedures of Cox (1970) (Appendix F). 
Results. The results of Experiment 5 and 6 are shown in 
Figures 6.3 and 6.4 respectively. 
Experiment 5. The proportion of germinated chlamydospores 
after 24 hrs declined with decreasing potential in each solute, reaching 
a low level at -35 bar (Fig. 6.3). 
After 48 hrs incubation, the plates at -5, -10 and -15 bar were 
too overgrown for eBtimations of germination to be made. In the range 
-20 to -30 bar potential, germination was significantly greater at 48 hrs 
than at 24 hrs within each solute treatment (P<0.01). However the 
differences between germination levels at these times appeared to 
decrease with decreasing potential (Fig. 6.3). 
Although the trends in germination - with each solute were 
similar, the differences in germination between solutes were statistically 
significant (P< 0 .01) and there was significant interaction between 
solutes and potential (P< 0.01) in their effects on germination . 
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Experiment 6. For each single-zoospore derivative, the trend 
in chlamydospore germination with decreasing potential (Fig. 6.4) 
was similar to that observed in the primary isolate (Experimen t 5). 
6.4 DISCUSSION 
6 . 4 . 1 Chlamydospore production 
Pitt and Christian (1968) reported that asexual sporulation 
of ascomycetes and imperfect fungi is dependent on the fungal colony 
attaining a certain critical size, regardless of the osmotic potential, 
i .e . reduced potential may affect sporulation indirectly through 
inhibition of growth . In the present study, the colony diameter at 
which chlamydospore production was first observed was approximately 
constant for particular isolates in the range of potentials -2.5 bar 
to -30.3 bar (Experiment 1), similarly indicating that growth and 
initiation of chlamydospore production in P. cinnamomi are interdependent. 
However the cessation of chlamydospore production at c. -37 bar, 
regardless of colony size, suggests that reduced potential may also 
affect E· cinnamomi chlamydospore production directly. The reduction 
in chlamydospore numbers with reduced potential between - 5 bar and 
- 15 bar (Experiment 2) was apparently largely due to direct effects of 
potential on chlamydospore production, as growth of the fungus is 
optimal in this range c . f . Chapter 4). 
6 .4.2 Spore germination 
The results of Experiments 3 and 4 suggest that zoospore 
germination is significantly reduced by decreasing potential. However 
the addition of sucrose appeared to markedly reduce the effects of 
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potential on germination as estimated with other solutes (Experiment 4 ) . 
Since zoospores may germinate using endogenous reserves (Hickman , 1970) , 
it appears unlikely that this effect is wholly due to utilisation of 
sucrose as an additional energy source for germination. Further 
investigations on the fungal physiological processes affected by 
potential are required to elucidate this problem. 
Griffin (1972) has commented that decreasing potential 
increases the latent period of germination of fungal spores until a 
potential is reached at which no germination occurs, and that the 
minimum potential for germination decreases asymptotically with time. 
The increased chlamydospore germination observed with increased incubation 
period (Experiment 5) is evidence that potential similarly affects the 
lag time of E· cinnamomi chlamydospore germination. This is a lso 
likely to occur with zoospore germination. However there is insufficien t 
data to determine if the minimum potential for germination would have 
decreased with increasing incubation period. Neverth~less , the change 
in gradient with time and the convergence of the 24 hrs and 48 hrs 
germination curves suggest that any such decrease below -35 bar would 
be small. Besides, it is unlikely that appreciable germination would 
occur at potentials too low for growth, if chlamydospores have s urvival 
value in dry conditions. 
6 .4.3 Production and germination of spore forms of P. cinnamomi in soil 
There are no data on the effect of matric potential on 
production and germination of zoospores and chlamydospores of P. cinnarnomi. 
lll1wt!\1t :r the rlt1Li1 1·l'l1111 t1 s rnotitJ sysluins rnc1y Lie crn 1tirn1sly LJxtr.1rulntcLi 
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Matric potentials inhibitory to growth of the fungus 
(c.f. Chapter 4) would also inhibit chlamydospore f ormation because 
of the interdependence of growth and chlamydospore production, i.e. 
chlamydospore production in soil would be prevented at matric potentials 
c . -25 to -35 bar (data of Adebayo and Harris, 1971), and is likely 
to be significantly reduced at matric potentials below c. -15 bar. 
Because of the dependence of chlamydospores on exogenous 
sources of organic nitrogen for germination (Mircetich and Zentmyer, 
1969) and the decrease in solute diffusion associated with decreasing 
matric potential, chlamydospore germination might be differentially 
affected by potential in osmotic and matric systems. Moreover, 
chlamydospore germination could be inhibited more than growth at 
reduced matric potentials, as a fungus hypha can cross open spaces 
between soil particles to new substrates, partially offsetting the 
effects of reduced matric potential on nutrient transport (Gr iffin , 
1972), while a chlamydospore of~- cinnamomi is immobile. 
The above arguement does not apply to germination of zoospores, 
as these utilise endogenous reserves (Hickman, 1970). Zoospores are 
released from sporangia which are thought to be produced only in free 
water, such as in saturated or near-saturated soil. Encystment of 
zoospores would occur soon after release and would be accelerated by 
frequent contact with soil particles (Ho and Hickman, 1967; Bimpong 
and Clark, 1970; Hickman, 1970). In vitro germination of zoospores 
----
occurs within a few hours of encystment (Hic kman , 1970). Thus if 
germination is not inhibited by factors such as antagonism or f ungis tasis, 
most zoospores would escape low soil water potentials as they would 
have germinated before the soil dried out. However zoospore germination 
could be affected by low potentials if germination wa s prevented by 
other factors for a long enough period. 
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CHAPTER 7 
GENERAL DISCUSSION 
The influence of water on the ecology of P. cinnamomi on Black Mountain 
From the results and discussion in previous Chapters (5 and 
6), it is evident that growth, chlamydospore production and spore 
germination of E· cinnamomi would be significantly reduced at c. -20 
bars and could be prevented at c. -35 bars matric potential. This is 
consistent with observations on other fungi, which suggest that a 
correlation exists between the tolerance of soil-borne plant pathogens 
to reduced water potential and the soil moisture conditions favourable 
to disease development , i.e. growth of fungi which are commonly 
associated with disease in wet soils (e.g. Ophiobolus graminis) usually 
ceases at potentials which allow significant growth of pathogens common 
in dry soils (e.g. Fusarium roseum f. sp. cerealis) (Cook and 
Papendick, 1972; Cook et al., 1972; Cook, 1973). 
--
Although most soil-borne plant pathogens grow at potentials 
well below the permanent wilting point of higher plants (c. -15 bars), 
water potential may be a significant factor limiting disease. The 
surface soil in field situations may dry out to potentials limiting to 
the pathogen, while the host continues to absorb water from deeper 
in the profile (Cook and Papendick, 1972). Field measurements of soil 
pF on Black Mountain (Chapter 3) showed that the potential at 10 - 20 cm 
depth in some diseased areas was occasionally below -30 bar (pF 4 . S ), 
almost certainly limiting the activity of P. cinnamomi in soil . 
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However it is much more difficult to.predict which potentials are 
favourable for activity of the fungus in the field, as fungal behaviour 
at a given potential will also be determined by solute diffusion, 
substrate availability, aeration, temperature and interacting 
microorganisms. Extrapolation of the experimental results is further 
complicated by variation in water potential with soil depth and 
distance from roots (Griffin, 1969; Cook and Papendick, 1972). 
The above problems do not apply as much to the host-pathogen 
system. Most organisms other than the pathogen would be excluded from 
the zone of living root tissue where hyphae of~- cinnamomi are 
actively invading. Cook (1973) argued that the l eading hyphac of fungi 
in roots would be in equilibrium with the still-living host cells , 
i.e. their water potentials would be similar. Fungi in the root 
cortex would be subjected primarily to osmotic potentials (Cook, 
1973). Thus the data on the osmotic potential relations of P. 
cinnamomi may be particularly applicable to host-pathogen interactions. 
Although there are no data on the potentials occurring in plant roots 
on Black Mountain, some appreciation of the possible importance of this 
factor may be gained. 
The water potential of plant roots is influenced by the 
relative rates of transpiration and water absorption, with the latter 
being largely determined by the hydraulic conductivity of the soil 
(Slatyer, 1967). Hydraulic conductivity in a given soil will, in 
turn, depend on the so~l water potential (Slatyer, 1967). Large 
diurnal fluctuations in the water potential in plants freq uentl y 
occur , as transpiration demand may exceed uptake of water during the 
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day and the water deficit is made up overnight when the stomata close . 
These fluctuations would be superimposed on longer term fluctuations 
governed by seasonal rainfall and other climatic factors. While 
the "permanent wilting point" for mesophytic plants is taken to be 
c. -15 bars, the potential of plant roots in soil near this value 
would have to be considerably lower for absorption of water (Slatyer, 
1967). Moreover dry sclerophyll forest species are adapted to 
relatively dry conditions and would be expected to withstand soil 
water potentials below -15 bar. 
Thus growth off· cinnamomi within roots is likely to be 
greatest when soil water potentials favour growth of the host, bu t would 
be retarded when the host plant is subjected to water stress through 
depletion of the root system by the fungus or periods of dry weather. 
Once infection has occurred, the subsequent time of appearance of 
disease symptoms would be influenced by the duration, or frequency, 
of periods in which the host water potential is favourable for fungal 
breakdown of roots, prior to periods of stress on the host. 
These proposals are supported by field observations on Black 
Mountain (c.f. Chapters 2 and 3). Numerous plant mortalities occurred 
during and after periods of heavy rainfall in January and February, 
1971 (Appendix A). Development of disease symptoms was particularly 
obvious during the dry months which followed. There was less variation 
in rainfall between months in the following year, and plant mortalities 
were much less frequent. 
........ 
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APPENDIX A 
METEOROLOGICAL DATA 
Rainfall Data (mm) 
J F M A M J J A s 
Acton a 49 44 56 42 46 53 46 56 42 
Westridge a 55 54 45 55 43 43 39 50 38 
Rainfall during first five months, 1971 and 1972 (mm), 
Botanic Gardens 
1971 
J F M A M 
117 206 24 22 28 
0 Mean monthly temperatures, C 
J F M A 
Acton a 
Max. 27.8 27.6 24.6 19.4 
Min. 12.9 12.8 10.6 6.6 
Westridge a 
Max. 28. 1 27.3 24.4 19.2 
Min. 13.3 13 .3 11 .3 7.3 
M 
15 .3 
2.9 
15 .3 
3.8 
1972 
J F M 
92 37 33 
J J A s 
11 .8 11. 2 13. 1 16 .3 
1. 2 0.7 1 .6 3.4 
11. 3 10.9 12. 9 16.3 
1. 9 1 . 1 1. 9 3.9 
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0 N D Year 
57 49 52 592 
58 50 51 582 
A M 
38 43 
0 N D Aver-
aqe 
20. 1 23.8 26.4 19.8 
6. 1 9. 1 11 . 8 6.6 
19.7 23.0 26.5 19.6 
6.8 9.6 12. 0 7. ?_ 
i I 
Thr~ /\cLon 1.1nd Westridgc Mcteorologicnl Sitos ore n:JSf't'r:tively 
3 km SE and~ km SW of Black Mountain 
APPENDIX B 
HISTORY OF DISTURBANCE OF BLACK MOUNTAIN 
Much of the fol lowing information was obtained from Coyne 
(1969) and Elliot and Douglas (1972) . 
Use of the Black Mountain area by European man dates back 
to c.1830 when some of the lower slopes were cleared for grazing. 
The forest was used for wallaby hunting c .1880 and the quarry on the 
122 
eastern slopes was used as a source of sandstone from as early as 1845 . 
The earliest known photograph of Black Mountain (in custody 
of the National Library) was taken in 1887. It shows a dense 8over of 
vegetation on the elevated parts and on most of the lower eastern and 
southern slopes. In photographs taken in 1909 (Canberra Historical 
Society) and 1913 (National Library) it can be seen that most of the 
lower slopes in the southern half of the area were cleared, proba bly 
for grazing, and the canopy density was much reduced near and at th e 
summit. In 1913 the Walter Burley-Griffin plan for Canberra included 
a Botanic Garden, a forest reserve and a University on the eastern 
side of Black Mountain. However in the early days of Canberra the 
forest was exploited for firewood and a network of access tracks 
developed. Experimental plots were established in 1920 to determine 
-
the potential firewood production from coppice regeneration and to 
obtain other data on coppice growth. 
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APPENDIX B (Cont'd) 
areas which had been cleared previously. By 1949, when small experi-
mental plantations of Eucalyptus melliodora were established, most of 
the upper and mid-slopes again had a dense cover of vegetation. 
The area has been used at various times for research by 
the Commonwealth Scientific and Industrial Research Organisation, the 
Commonwealth Forestry and Timber Bureau and the Australian National 
University. The section north of Belconnen Way has been used 
extensively for controlled burning experiments. 
Although no major damaging fires on Black Mountain havr-
been recorded, the frequent occurrence of small scrub fires led to th8 
construction of fire trails, adding to the already extensive system 
of tracks. 
Aerial photographs of Black Mountain held by the Commonwealth 
Forestry and Timber Bureau and in Coyne (1969) show that, during the 
period 1954-74, use of the area for recreation, and disturbance due to 
road construction and installation of power cables and pipelines has 
increased considerably. 
By 1944, the large reservoir lfl the south-eastern sector 
of the area (c.f. Plate 2.2, Chapter 2) had been built, an extensivr-
system of tracks existed in the forest and a large storm-water 
drain had been completed. 
1952 photographs. 
Little other development was obvious in 
By 1965 a sealed road to recently-built television broadcast 
facilities and a large reservoir in the north-east had been constructed. 
APPENDIX B (Cont'd) 
Swathes of vegetation had been cleared for installation of power 
cables and pipelines, and the track system had reached its most 
extensive development. The western suburbs had encroached upon the 
forest by 1968, and Belconnen Way and the reservoir for the Botanic 
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Gardens watering system had been constructed. Construction of Caswell 
Drive, a second reservoir in the north and a new powerline across the 
centre had been completed by 1973 (Plate 2.2, Chapter 2). 
The Botanic Gardens were established c.1932, but development 
was relatively slow until c.1960, and the Gardens were not officialJ y 
opened until 1972. 
VB AGAR 
MALT AGAR 
APPENDIX C 
GROWTH MEDIA 
"Campbell's" VB J uice 
Distilled Water 
"Oxoid" agar No. 3 
used for storage of 
Powdered Malt Extract 
"Oxoid" Beef Extract 
"Oxoid" agar No. 3 
Distilled Water 
cultures 
20 g 
1000 ml 
20 g 
20 g 
1 g 
20 g 
1000 ml 
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KEY TO SYMBOLS 
APPENDIX D 
PLANT SPECIES AFFECTED BY DISEASE 
AND ASSOCIATED PHYTOPHTHORA SPP. 
1. LOCATION 
BG Botanic Gardens 
BGP - Botanic Gardens, potted plants 
R Black Mountain Reserve 
2. ORGANISMS ISOLATED 
Personnel responsible for identification of fungi are 
indicated in parentheses:- A - identification by author; 
BHP - identification by B.H~ Pratt, Forestry Dept. A.N. LJ . 
3. ISOLATION METHOD 
BL lupin baiting 
DP direct plating of root on callan ma t er i a1 
of diseased plant on ' 3P' ag1r (Eckert and 
Tsao, 1962). 
* Signifies plating carried out by Botanic Gardens staff 
A Isolation by author 
1~6 
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Species Loca- Organisms isolated 2 Isolation tion 1 Method 3 
CASUARINACEAE 
Cusuuri.na sp . BGP P. cinnamomi tBHP) OP-lE-
-C. acutivalvis BG " A) DP* 
-C. cam r2estris BG " t) DP* -c. helmsii BGP " BHP) op-:,!. 
- A) C. humilis BG " DP-3(-
- (A) C. Einaster BG " DP,'*" 
-C. ri9:ida BGP " (A) op-~-
-C. stricta BG " (A) DP* 
- (BHP) C. trichodon BGP " DP* 
-
COMPOSITAE 
Cassinea aculeata BG, R P. cinnamomi (A) DP-* BL A 
- ' Celmisia lon9:ifolia BG P. drechsleri (A) BLA 
- (A) BLA Helichrysum diotrophyllum BG " 
H. obcordatum subsp. major BG P. cinnamomi (A) DP* 
- - (A) Olearia teretifolia BG " DP* 
0. viscidula BG P. drechsleri (A) DP-l*" BLA 
' - - (A) BLA Senecio sp. BG " 
DILLENIACEAE 
Hibbertia obtusifolia BG, R P. cinnamomi (A) BLA 
-
EPACRIDACEAE 
Brachyloma daphnoides BG, R P. cinnamomi (A) DPA BLA 
- ' Epacris imr2ressa BG " (A) DP-l*" 
Leucor:209:on ericoides BG " (A) DP-l*" 
L. macraei BG " (A) DP* 
-L. microphyllus var. R II (A) BLA 
- pilibundus 
BLA L. vir9:atus R " (A) 
-Melichrus urceolatus R II (A) BLA 
Monotoca scoparia R II (A) BLA 
EUPHORBIACEAE 
Ric i nocarpos 9:lauca BGP P. cinnamomi (A) DP* 
-
GERANIACEAE 
BLA Pelargonium australe BG P. drechsleri (A) 
-
GOODENIACEAE -
Goodenia ovata BG P. drechsleri (A) E3LA 
- (A) BLA Lechenaultia biloba BG P. . . ' cinnamomi 
- BLA L. floribunda BG " t~l - OLA L. rormosu BG " 
- (A) L. hirsuta BGP " DP-* 
- (A) Scaevola albida BG P. drechsleri DP1*" 
-s. thesioides BGP P. cinnamomi (A) DP1*" 
- -
APPENDIX D (Cont'd) 
Species 
HALORAGACEAE 
Haloragis monosperma 
LABIATAE 
Prostanthera sp. 
P. cuneata 
P. lasianthos 
P. leichardtii 
-P. ovalifolia 
P. saxicola var. montana 
£:.. spinescens 
Westringia longifolia 
LEGUM I NO SAE 
Acacia buxifolia 
A. cultriformis 
-A. diffusa 
A. horridula 
-6.· pulchella 
Daviesia astringens 
D. mimosoides 
-Dillwynia glaberrima Q. retorta var. phylicoides 
Pultenea sp. 
P. altissima 
-P. flexilis 
£:.. procumbens 
£:.. subalpina 
£:.. subspicata 
MYRTACEAE 
Agonis sp. 
Astartea fascicularis 
A. heteranthera 
Beaufortia sparsa 
Calytrix alpestris 
£· tetragona 
Chamaelaucium ciliatum 
Eremaea pauciflora 
Eucalyptus baxteri 
E. coccifera 
Loca-
tion 1 
BG 
BGP 
BG 
BG 
BG 
BG 
BG 
BG 
BG 
R 
BG 
R, BG 
BGP 
BG 
BG 
R,BG 
BGP 
R, BG 
BG 
BGP 
BGP 
R, BG 
BGP 
BGP 
BG 
BG 
BG 
BG 
BGP,BG 
BG 
BG 
BGP 
BG 
BG 
11, nc 
I . 111,11111 i 1·1?n1 :;1di~q1. tt1i11:1 1l11:3u Ill] 
L . n iphophilc:1 LJG 
S· rossii R,BG 
x "Healthy" specimen 
Organisms isolated 2 
P. c innamomi 
P. c innamomi 
" 
P. cinnamomi 
-P. drechsleri 
-P. cinnamomi 
" 
P. cinnamomi 
-P. drechsleri 
-P. drechsleri 
" 
P. cinnamomi 
-P. drechsleri 
-P. cinnamomi 
11 
11 
II 
" 
" 
II 
" 
" 
II 
II 
II 
II 
P. cinnamomi 
II 
" 
" 
II 
" 
II 
II 
" 
P. c innamomi 
-P. drech!:3 lr.rt 
-f1. L: in1 ll llfll HIJ j_ 
II 
" 
II 
(A) 
(A) 
(BHP) 
(A) 
(A) 
(A, BHP) 
(A) 
(A) 
(A) 
(A) 
(A) 
(A) 
(A) 
(A) 
(A) 
(A) 
(BHP) 
(A) 
(A) 
(A) 
(A) 
(A) 
(?) 
(A) 
(A) 
(BHP) 
(A) 
(A) 
(A) 
(A) 
(BHP) 
(A) 
(A) 
(A) 
(!\) ( /\ l ( /\ 
l A) 
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Isolation 
Method 3 
DP* 
DP* 
DP* BLA 
' 
DP-'lf-
DP* 
BLA 
BLA 
BLA 
BLA 
BLA 
DP*A BLA 
' DP* 
BLA 
DP* 
DP-~A BL A 
' DP~-
DP*A BLA 
' DP-~*-
DP* 
DP-'l*-
DPA BLA 
' DP* 
DP* 
DP* 
DP-X-
DP-~ 
DP* 
DP* 
DP-'l*-
DP* 
DP* 
BLA 
GLA 
I )I 1AMI ll /\ 
I )I > H 
I ll /\ 
I JI >/\ I ll /\ 
' 
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APPENDIX D (Cont'd ) 
Species Loca- Organ i s ms isolated ? Isol ation tion 1 Method 3 
MYRTACEAE (Cont 'd) 
E. tenuiramis BG P. cinnamomi (A) DP* 
- - BLA Hypocalymna angustifolia BG " (A) 
Kunzea ericifolia BG " (A ) DP* 
K. pomifera BG II (A,BHP) DP "'-<-
- (A) K. recurva var. montana BG " DP~-
-L. coriaceum BG " (A) DP* 
-L. floridum BG II (A) DP-* 
-L. 
1iuniperinum BG II (A) DP* 
- BLA Leptospermum lanigerum BG,R " (A) 
Melaleuca sp. BG II ( BHP) DP* 
M. elliptica BG II (A) BLA 
-M. incana BG II (A) DP* 
-M. macronychia BGP II (BHP) DP* 
-M. pentagona var. su bul i fol ia BGP " (BHP) DP* 
-
M. BG P. cinnamomi (A) DP* sguamea 
-
-
P. drechsleri 
- (A) M. uncinata BG P. cinnamomi o p-)(-
- - BLA Phymatocareus maxwell ii BG II (A) 
Regelia inops BGP II (A) DP* 
Verticordia chrysantha BGP " (A) DP* 
V. plumosa BG II (A) DP* 
-Wehlia cordata BG II tA] DP1~ 
Microstrobus fitzgeraldii BGP,BG II A) op1~ 
Phyllocladus asplenifolia BGP II (A) DP* 
Podocarpus drouyniana BGP II (A) DP-'A-
P. lawrencei BGP,BG II (A, BHP) DP*BLA ' 
-
PROTEACEAE 
Adenanthos 92iculat a BGP P. cinnamomi (? ) DP* 
-Banksia sp. BG II (A) DP* 
B. asplenifolia BG II (A) DP* 
-B. attenuata BGP " (A) DP-~ 
-B. ealeyi BGP II ( BHP) op-r--
-B. elderana BGP II (BHP) DP* 
-B. elegans BGP II ( BHP) DP* 
- BLA DP* B. grandis BG II (A) 
- ' B. lehrrianniana BGP II (A) DP* 
-B. occidental is BGP II (BHP ) DP* 
-B. ornata BGP II tA] DP-* 
-B. speciosa BGP II A) DP* 
-
-B. sphaerocarpa BG II (BHP) op-i~ 
-Dryandra sp. BG " (A) DP* 
Q.. Eraemorsa BG " t:l BLA Grevillea aff. alpina R,BG " op-r, 
G. fasciculata BG II tBHP) op-r, 
-G. decora BG II A) o p 1~ 
-
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Species Loca- Organisms isolated 2 Isolation tion 1 Method 3 
PROTEACEAE (Cont'd) 
G. 9:labella BGP P. cinnamomi (A) DP* 
- -G. juniperina BG II (A) DP,i-
-
G. lanigera BG P. cinnamomi (A) BLA -
-
P. drechsler i 
- (A) G. long:istyla BG P. cinnamomi DPi(-
- - (BHP) G. mi9ueliana BG II DP* 
-G. mucronulata BG II (A) DP* 
-G. polybractea BG II (A) DP-* 
-G. rosmarin i fol i a BG II (A,BHP) DP* 
-G. victoriae BG II (A,BHP) DP* 
-Hakea sp. BG II (A) DP* 
H. bakerana BG II (BHP) DP* 
-H. conchifolia BG II (BHP) DP* 
-H. kippistiana BG II (A) DP~!. 
- DP*BLA H. oleifolia BG II (A) 
-H. platysperma BG II (A) DP* 
-H. undulata BG II (A) DP* 
-H. victoriae BG II (A) DP-3(-
-Isopog:on asper BG " (A) DP* 
I. petiolaris BG II (A) DP1(-
-I. polycephalus BG II (?) op,'(-
-Petrophila sp. BG II (A) DP-3(-
P. fastig:iata BG " (A) DP* 
-P. propin9ua BG " t?) DP-lf-
-P. seminuda BG " A) DP-l*-
- BL A DP-l(-Telopea mong:olensis BG II (A) 
' T. speciosissima BGP,BG II (BHP) DP-l(-
-
RHAMNACEAE 
BLA Pomaderris affinis R,BG P. cinnamomi (A) 
- BLA Trymalium spathulatum BG II (A) 
ROSACEAE 
Eucryphia millig:anii BGP P. cinnamomi (?) op,'(-
-E. moorei BGP " (?) DP* 
-
• 
RLJTACEAE 
Boronia anemomifolia BGP P. cinnamomi (BHP) DP-lf-
- (BHP) 8. baeckiacea BGP II DP-lf-
- (BHP) B. citriodora BG tr DP-lf-
-B. pilosa BG II (A) DP -l(-
-
- (A) B. viminea BG " DP-l(-
- BLA Correa sp. BG " (A) 
C. sp. hybrid "monnii" BG II t UI IP] DP1*" 
- A) C. decumbens BG " DP-l(-
- (A) nL A DP l(-Crowea dentata BG II 
' Cr. exalata BG II (A) DP-l*-
- BL A DP1(-Cr. salig:na BG " (A) 
- ' 
- - - - - - - - ~ - - - - - - ~ ~ - - - - - - - - - - - - -
- - - - - - - - - - - - - - - -
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Species Loca- Organisms isolated 2 Isolation tion 1 Method 3 
RUTACEAE (Cont'd) 
Eriostemon myoporoides BG P. cinnamomi (A) op-~-
-E. spicatus BGP II (BHP) op-r--
- BLA Phebalium sp. BG P. drechsleri (A) 
- BLA P. aff. s9uameum BG P. cinnamomi (A) 
- -P. oval ifolium BGP II (BHP) OP-3*" 
-P. phylici folium BGP II (A) DP* 
-Zieria laev i gata BGP II (BHP) OP* 
SANTALACEAE 
BLA DP* Exocarpos cupressiformis R,BG P. cinnamomi (A) 
- ' 
SAPINDACEAE 
Dodonea boronifolia BG P. cinnamomi (A) OP-3*" 
- BL A OP-3*" D. viscosa R,BG II (A) 
- ' 
SAXIFRAGACEAE 
Bauera sessiliflora BG P. . . (A) DP* cinnamomi 
-
SOLANACEAE 
Anthocercis racemosa BGP P. cinnamomi (A) DP-* 
-Solanum old field ii var. BG II (A) OP-3E-
plicatile 
STYLIDIACEAE 
Stylidium graminifolium BGP P. cinnamomi (A) OP-3E-
-
THYMELIACEAE 
BLA Pimelia decussata BG P. cinnamomi (A) 
-P. imbricata var. piligera BG II (A) DP* 
-
TREMANDRACEAE 
Platytheca verticillata BG P. . . (BHP) DP-3*" cinnamomi 
-Tetratheca viminea BG II (A) OfY,f-
XANTHORRHDEACEAE 
Xanthorrhoea australis BGP P. cinnamomi (A,BHP) BLA DP* 
- ' P. drechsleri 
-
CONIFERALES 
CUPRESSACEAE 
Callitris preissii BG P. cinnamomi (BHP) OP-3*" 
-
APPENDIX E 
(a) Measurement of Environmental Factors in Survey B sites 
Methods 
1. Soil pH. Suspensions of 1:10, soil:water were prepared 
from each of three random soil samples (10 - 20 cm depth) per plot. 
Measurements of pH were made with a Model 205 pH meter (Instrumen tation 
Laboratory Inc.). 
2 . Minerals and organic carbon. Determinations of N, P, 
K, Mg, Zn, Ca, Fe and organic carbon levels were mad e usinu u sirir1lr: 
composite sample from each plot, prepared by bulking three 400 g initial 
samples. Acid digestion and determination of cation, N and P levels of 
the samples were carried out by technical staff in the Soils Laboratory, 
Department of Forestry, A.N.U., using flame emission and atomic absorption 
spectrometry . The results were expressed as parts per million of oven-
dried (so0 c) soil (Table E.1). 
Organic carbon levels ("readily oxidisabl e") were estimated 
using the methods of Walkely and Black as described by Jackson (1958) 
(Table E.1). 
3 . Soil Moisture. Two methods were used to determin e soil 
moisture levels. Gravimetric measurements were substituted as being 
more meaningful in terms of water availability to the fungus and to 
plants. For gravimetric measurement three 250 g samples from each plot 
were placed in air-tight containers immediately after removal from 
0 the gro und, then weighed, dried at 105 C, then reweighed . The moistuce 
content of each sample was then calculated and expressed as a percentaue 
11r th weiqht of rlry soil . 
Disease 
F=- - ~-...... 
---- ---
Status 
**-}(- + K (ppm) -
** + r ,r I :::; (p pmJ 
-
* + Zr (ppm) -
C2 + (ppm) 
-
Mr X + (ppm) 
-
Fe + (ppm) 
-
Tots.l + 
I j (ppm) ' -
Tots.2- X + 
p (ppm) 
-
Ornc=r---i C 
-d- - + 
~=-~·~=i~ (°/a) -
TABLE E.1 Mean levels of inorganic cations, ni t rogen , 
phosphorus and organic carbon, Survey B sit es 
TOPOGRAPHIC CLASS 
East slopes I North aspect South aspect Gully (Botanic Gardens) 
11580 (293) 3256 ( 135) 7169 (618) 4724 (306) 
7664 (555 ) 2741 ( 86) 4161 ( 92) 1961 ( 92) 
2187 ( 64) 729 ( 15) 1448 ( 155) 1764 ( 99) 
1500 ( 59) 624 ( 13) 1032 ( 45) 917 ( 33! 
21.8 (2.2) 9.7 ( 1 .6) 15.2 ( 1 .6) 17.0 (o.8) 
13.5 (0.8) 9.9 (0.4) 11 .2 (1.0 ·) 3.7 (Oa4 ) 
180.5 (22.0) 49.2 (10.0) 82.0 (18.6) 279.0 (54.0) 
196.9 (15.4) 73.8 ( 5.8) 106.6 ( 14 .6) 82.0 ( 3.4) 
7.0 (0.7) 9.4 ( 1 .o) 8.8 ( 1 .5) 114.3 (15.0) 
11.7 (1.3) 5.8 (o.6) 12.9 ( 1 .o J 0.6 (0. 2) 
12082 (747) 7102 ( 128) 11388 ( 1796) 14456 ( 1050) 
10381 (506 J 7259 ( 100 J 12725 ( 1064) 8636 ( 403) 
17.9 ( 1 • 1 ) 6.4 (o.4) 8 .1 ( 1 .3) 13.0 ( 1 . 5 ) 
15.4 (0. 4 ) 5 .7 (0.3) 10.6 ( 1 .5) 2.3 (0.4 ) 
1.60 (0.04) 1.33 (0.06) 1 • 13 (0.16) 2.20 (0.23 ) 
1.93 (0.08 ) 0.97 (0.07) 2 . 20 (0 .04) 0.67 (0.03) 
3. 67 (0. 22 ) 1.67 (0.1 3 ) 2 . 10 (0 .33) 2 . 67 (Oa29) 
3 .33 (o . 13) 1 .53 (0 . 10 ) 2 . 23 (0 .20 ) 0.77 (0. 04 ) 
Differences between disea s ed an d apparently heal thy areas:-
->HH(- p O . 001 
1H- p 0.01 
* P 0.05 
x sign i ficant interaction between t opogr aph i cal 
class and diseas e status 
)> 
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Measurements of soil pF using five fresh samples from each plot 
were made using the filter-paper equilibration technique of Fawcett and 
Collis-George (1967), adapted for field use. 
See text (Chapter 3) for results. 
(b) Association of Environmental Factors with Differen tial Levels 
of Sporulation of P. cinnamomi in Soil Extracts 
Correlation coefficients for sporulation levels of P. cinnamomi 
(Experiment 4, Chapter 3), with levels of inorganic cations, nitrogen, 
phosphorus and organic carbon were calculated using the procedures 
described by Sokal and Rohlf (1970}. Statistical tests were applied 
to determine whether correlation coefficients were significa ntly greater 
than zero and whether they differed significantly from each other (Sokal 
and Rohlf, 1970). The results are shown in Table E . 2 . 
To determine if differential sporulation of P. cinnamomi 
in soil extracts from diseased and apparently healthy areas occurred 
independently of microorganisms, mycelial mats of the fungus were washed 
in filtered (0.22 "millipore"), autoclaved soil extracts . However 
the number of sporangia produced was too small for meaningful comparisons 
to be made. 
In a further attempt to evaluate the- role of microorganisms , thG 
numbers of bacteria and fungi in soil samples from all Survey 8 sites wure 
esti mated on dilution plates, using the syringe method of Rodriquiez- Kubanu 
(1967), but with a more dilute soi l suspension (0 . 25 g air- dry soil ir1 
250 ml s teril e water) • The media used were Thorn ton ' s anrJ Wul-'-srn; 1n ' .r, · r ri Ir· . 
-----------------------------------------------------
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The results are shown in Table E . J. There was no significant 
difference in the estimated number of bacterial and fungal propagules 
between diseased and apparently healthy areas, and there was no obvious 
correlation of these factors with abundance of sporulation in soil 
extracts from the same areas. 
Factor 
Correlation 
coefficient 
95% confidence 
limits 
BACTERIA a 
- h f-UNGI ..., 
pH 
0.228 
-0 .184 
Disease 
Status 
+ 
+ 
----------~-
TABLE E.2 Coefficients of correlation between abundance of 
sporulation in P. cinnamomi and soil environmental 
factors 
Mg Zn Ca Mn Fe N p Organic K 
carbon 
D.228 0.416 0.348 D.226 D .124 0.230 D.469 D.155 0.337 
-0.016 D .154 -0.061 -0 .186 -0.281 -o . ·182 04,079 -0.253 -0.073 
TABLE E.3 Mean numbers of bacteria and fungal propagules per 
gram in soil samples from Survey B sites 
TOPOGRAPHIC CLASS 
North aspect! South aspect 
6 D.63 x 106 
(0.11 X 10 ) 
6 D. 42 x 106 
{0.03 x 10) 
5 2 .3f X 105 (0 .22 x 10 ) 
5 2 .09 X 105 l(0.13 X 10 ) 
6 0 . 51 X 106 
rO .06 x 10 ) 
6 0.44 X 106 
r O • 05 X 1 D ) 
5 1 • 02 X 105 
rQ . 07 X 10 J 
5 2 . 02 X 10 
Ir O • 32 X 105 ) 
East slopes 
(Botanic Gardens) 
6 
D .32 x 106 
(0.03 X 10) 
6 D.45 x 106 
{0.02 X 10) 
5 1 .08 X 105 (0.10 X 10) 
5 0.87 X 105 (0 .09 x 10 ) 
Gully 
6 
, D.51 x 106 
i(D.03 X 10 ) 
6 0.75 x 10 
I( D • 09 x 106 ) 
5 1 • 70 x 1 D I( D. 1 D x 1 o5 ) 
5 1 . 46 X 105 {0 . 09 X 10 ) 
Mean 
All sites 
6 D.49 x 10 
6 0 .52 X 10 
5 1.53 X 10 
5 1.61 X 10 
- Thornton 's agar b l.'Jak::sman 's agar 
)::, 
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1 . MEDIA 
APPENDIX F 
SUPPLEMENTARY DATA ON WATER RELATIONS 
OF P. CINNAMOMI 
Basal Medium (BM)* :-
Na2HP04 0.75 g Glucose 
KH2P04 0.75 g Yeast Extract 
MgS047H2D 0. 12 g Malt Extract 
NaCl 0. 10 g Agar ( "Oxoid" 
1.80 g 
( "Oxo id") 
1.00 g 
No. 3) 
NH4 No3 0.40 g Distilled water 
pH 6.5 Osmotic potential -1.2 bars 
* Sommers et al. (1970) 
--
VB Medium (VB)*:-
"Campbell's" VB Juice 
CaC03 
Agar ("Oxoid" No. 3) 
Distilled water 
200 ml 
3 g 
15 g 
800 ml 
pH 6.0 Osmotic potential -2.5 bars 
137 
0. 10 g 
15. 00 g 
1000 ml 
The CaC03 was added to the VB juice, stirred, then set asid8 
for one hour. The mixture was centrifuged, then the supernatant was 
d1-.t\\111 111·1· ,till! 111i ,t 'Li with 800 ml distilled water. Th e agar and amenrlj__ng 
~,ult1lus were \111:11 ,ll ldt'cl. 
_ j 
-- c:::gz;-- =- 7!?=.. -A ~ -t:et::: B ~ c -==_: -·~- =----. ---:. ------~ 
Osmotic 
Potential 
( bar J 
- 6.92 
-13.82 
-27.80 
-34.90 
-40.00 
-50.00 
TABLE 1. Solute amendments for control of osmotic potential, 
as used by Sommers et al. (1970) 
--
Concentration of Amendinq Solute (Molal, q to 1000 g medium) 
KCl Sucrose* NaCl 
9.536 75.24 3.364 
20.786 164 I 16 7.564 
44.328 333.45 16.316 
56.024 430.92 21 .353 
66.603 - -
82.248 
- -
* From data of Robinson and Stokes (1959) 
7Pk From data of Scott (1953) 
Salts Mixture ~H--~ 
KCl 
2.470 
5. 781 
12.464 
16.316 
-
-
Na2so4 
3.266 
7 .341 
15.847 
20.732 
-
-
The total osmotic potential was obtained by adding the osmotic potentials 
shown above to the osmotic potential of the medium: VB agar, -2.5 bar 
BM agar, -1.2 bar 
)::, 
"1J 
"1J 
fTl 
z 
0 
H 
>< 
"Tl 
...--, 
n 
0 
:J 
rt 
.. 
a. 
'--' 
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Ll 
CD 
Final osmotic 
Potent i2l i*' 
of Medi_jm 
- 5 . 0 
- 10 . 0 
- 1::i . O 
- 20.0 
- 25 .0 
-30 .0 
-35 .=i 
-40. 0 
-45.0 
-50.0 
" 
,, 
a 
b 
TABLE 2. Solute amendments for use with Basal Medium 
Osmotic i*' Concentration of Amendinq Solute 1Molal. a to 1000 a medium) 
Potential of KCla Sucrose a Solution NaCl 
- 3.8 6.419 51.345 1.3925 
- 8.8 14 .864 119 .805 4 .5045 
- 13 .8 23.309 181 .419 7.6165 
-18.8 31. 754 243.033 10.7290 
-23.8 40.200 304.647 13.8470 
-28.8 48.645 362. 838 16. 9590 
-33.8 57.090 414. 183 20.0715 
-38.8 65.535 472 .374 23. 1835 
-43.8 73. 981 527. 142 26.3015 
-48.8 82.426 581. 910 29.4140 
At 25°C 
Calculated from data of Robinson and Stokes (1959) 
Calculated from data of Scott (1953) 
Salts Mixture b 
KCl Na2so4 
1. 0670 1. 3490 
3.4465 4.3735 
5 .8265 7 .3980 
8.2060 10 .4230 
10.5930 13.4475 
12.9730 16.4720 
15 .3600 19.4825 
17.7400 22 .5070 
20 . 1270 25.5315 
22.5070 28.5560 
)> 
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Final osmotic 
Potential ~*"of 
Medium (bar) 
- 5 . 0 
- 10 . 0 
- 15 .0 
- 20 .0 
-25.0 
-30.0 
-35 .0 
- 40 .0 
- 45 .0 
-50.0 
~*" 
a 
b 
TABLE 3. Solute amendments for use with VB Medium 
Osmotic Concentration of Amendina Solute (Molal , q to 1000 q medium) 
Potential *of KCla Sucrose a Salts Mixture o Sol 1--1t ion ( bar NaCl 
I 
- 2.5 4 .222 34.230 0.5790 
- 7.5 12.668 102.690 3.6915 
-12.5 21 . 113 164 .304 6.8095 
-17.5 29.559 229 .341 9.9215 
-22. 5 38.003 290.955 13.0340 
- 27 .5 46.449 349. 146 16 . 1460 
-32. 5 54.894 400 .491 19 .2640 
-37. 5 63 .340 458 .682 22.3765 
-42. 5 71 . 785 513.450 25 .4885 
- 47 .5 80 .230 568 . 218 28.6065 
At 25°C 
Calc ulated from data of Robinson and Stokes (1959) 
Calculated from data of Scott (1953) 
KCl 
0.4400 
2.3275 
5.2070 
7.5945 
9.9740 
12.3540 
14.7410 
17 . 1205 
19.5005 
21 .8875 
Na2so4 
0.5680 
3.5785 
6 .6 170 
9.6275 
12.6520 
15 .6770 
18.7015 
21 I 7260 
24 .7505 
27 .7750 
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APPENDIX F (Cont'd) 
2 . Effect of osmotic potential on radial growth of 
P. cinnamomi 
See text (Chapter 5) for methods. 
Experiment 1a Preliminary trial 
Growth of P. cinnamomi isolate 71-469 at 25°c was measured 
on BM and VB amended with KCl, NaCl/KCl/Na2so4 and sucrose (Table 1). 
No. of replicates/treatment = 3 
The results are shown in Fig. 1. 
Experiment 1b Growth of P. cinnamomi isolates 71-445 and 
6078 (Black Mountain and south coast, N.S.W.) was measured on BM and 
VB amended with KCl (Table 1). Data for each medium were analysed 
separately as the potentials were not equivalent. 
No. of replicates/treatment = 10 
The results are shown in Fig. 2a, b. 
Differences in growth between osmotic potentials were significant 
(P< 0.01) for each isolate. There were significant differences 
between isolates (P< 0.05) and there was significant isolate-osmotic 
potential interaction (P<0.01) for each medium. 
Experiment 1c Growth of P. cinnamomi isolates 71-445 a nd 
6078 was measured at low potentials on BM and VB amended with KCl 
(Table 1), to determine the approximate potential at which growt h ceased. 
Number of replicatos/treatment = 10. 
I 
I. 
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The results are shown in Fig. 3a, b. 
on BM. 
No growth was apparent at c. -56 bar on VB and at c. - 45 bar 
Differences in growth between isolates were significant 
(P4'.0.05) on VB, but not on BM. There was significant isolate-osmotic 
potential interaction ( P 4' D. D 1) on BM but not on VB. 
Experiment 1d Described in text. 
Experiment 2. Comparative behaviour of A1 and A2 mating 
type isolates of P. cinnamomi 
Six isolates of each mating type were selected such that the 
range of growth rates (at 25°C, on CMA) in each type was similar. 
The growth rate of each isolate was then measured on BM, with KCl added 
to control the potential (Table 2). Five replicates per potential 
were measured for each isolate, but in the analysis of results the 
results for each isolate were combined for comparison of mating types. 
From the results of previous experiments it wa s considered that 
differences between "replicate" isolates would decrease with decreasing 
potential, and that differences between mating types, if any occurred , 
would be found at lower potentials. 
The results are shown in Fig. 4. Although significant 
differences occurred between individual isolates (P-'D.01) of each mating 
type, there were no significant differences between mating types when 
the results for isolates were combined. Collectively , the A1 isolates 
behaved in a similar way to the single-zoospore A2 isolates examined 
previously, with a progressive decrease in variation between isolates 
at lower osmotic potentials . 
143 
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3. Statistical Analysis of Data on Chlamydospore Germination 
(c.f . Chapter 6) 
147 
As spore germination data is essentially binary, statistical 
unul ysis of the data assuming a normal distribution is inappropriate . 
A common practice is to transform the data to facilitate analysis . 
Finney (1964) compared the probit, logistic, angular and rectangular 
transformation and found that results obtained using the probit and 
logistic transformations were indistinguishable. Therefore the logistic 
transformation was used because it is easier to handle statistically 
and has other advantages (c.f. Cox, 1970). 
using the formula -
where 
Z = log e ( RR+ ~ 1 ) 
n- + 2 
The data were transformed 
Z is the empirical logistic transform 
R is the number of germinated spores, 
and n is the total number of spores in the replicate . 
When this transformation is used, the variance of Z is given by 
v(z) = (n + 1) tn + 2) (R + 1) n - R + 1) 
The transformed data were then analysed by weighted method 
for f ac torial experimentation described by Cox- ( 1970) , using orthogonal 
polynomials . 
Fin ney , D. 1964. Statistical method in biological assay . 2nd Ed. 
London. C. Griffin. 
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Experiment 5 was analysed as two experiments in the ranges 
- 5 to -15 bars and - 20 to -35 bars potent ial (Table 3a, b) to achiove 
.:.1 bolunced design ( c . f. Cox, 1970) . 
Experiment 6 was analysed as a 3 x 7 factorial experiment 
(Tabl e 4). 
TABLE 3. Standardised Contrasts for Chlamydospore Germination Data 
of Experiment 5 ( Chapter 6) . 
(a) 
Interactio n: 
(b) 
Contrast 
Solutes 
Potential (L)a 
Potential Q b 
Potential L X 
~ 
Potential Q )X 
Contrast 
Solutes 
Potential (L) 
Potential (Q) 
Potential (c)c 
Solute 
Solut e 
Times (24 hrs and 48 hrs) 
Test Statistic 
5 . 673-3~-3~ 
13 .347iH(-
3 . 861-3E-
0.5G4 
1. 03~) 
I Test Statistic 
-15 . 5421H(-
l 48 . 5461Hf-
- 6 .371 -3H~ 
1.576 
21. 087-Ydf-
Interaction: Solute X Potential lLJ 
Solute X Potential (Q) 
Solute X Potential (C) 
5 .688-3H~ 
Solute X Time 
Time X Potential L 
;, . 
Time X Potential } Q, 
Time X Potential C 
Solute X Time X Potential lLJ 
Solute X Time X Potential (Q) 
Solute X Time X Potential ( C) 
Significance levels:- iHE- 1% 
if- 5% 
3 .025-3Hf-
7 .283-3Hf-
1.241 
1. 150 
1.096 
1. 7071(-
0 .693 
0 . 711 
- 0 . 3GO 
a ,b, c Linear, quadratic and cubic effects of pot8ntiol on 
genn ination ( from Orthogonal polynomials). 
r 
APPENDIX F (Cont'd) 
TABL[ 4 . Standardised Contrasts for Chlamydospore Germination 
Data, Experiment 6 ( Chapter 6) 
Isolate 
Contrast 445-11 445-8 445-5 
Potential (L) 25 .395~H~ 26. 220-*-J~ 26 .aa->~~~ 
Potential (Q) - 6 .625-Y-* - 3 .550-3PA- - 7. 338~f-?~ 
Potential (c) - 1.809 - 5 . 522-:rn- 0.630 
Potential (QA) 2.424 1. 977 1. 707 
Potential (QI) - 4 .429-3H~ 2.359 1. 995 
Potential (s) 4. 77D~H~ 1.869 1 . 192 
. 
Significance levels : 
149 
While the differences in higher order curvature effects 
indicated that the isolates did not behave identically, the differences 
between isolates were not significant. 
